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PREFACE. 


The  fact  that  a  knowledge  of  Physics  is  indispensable  to  a 
thorough  understanding  of  Medicine  has  not  yet  been  as  fully 
realized  in  this  country  as  in  Europe,  where  the  admirable 
works  of  Desplats  and  Gariel,  of  Robertson,  and  of  numerous 
German  writers,  constitute  a  branch  of  educational  literature 
to  which  we  can  show  no  parallel.  A  full  appreciation  of 
this,  the  author  trusts,  will  be  sufficient  justification  for  placing 
in  book  form  the  substance  of  his  lectures  on  this  depart- 
ment of  science,  delivered  during  many  years  at  the  Univer- 
sity of  the   City  of  New  York. 

Broadly  speaking,  this  work  aims  to  impart  a  knowledge 
of   the  relations  existing  between  Physics    and    Medicine    in 
their    latest    state    of   development,   and    to    embody    in    the 
pursuit  of  this  object  whatever    experience    the    author    has 
^ined  during  a  long  period  of  teaching  this  special  branch 
of  applied  science.      In    certain   cases  topics  not  strictly  em- 
braced  in  the  title   have   been   included   in   the    text — for  ex 
ample,  the  directions  for    section-cutting    and    staining;    and 
in    other  instances  exceptionally  full  descriptions  of  apparatus 


VI  PRBFACS. 

have  been  given,  notably  of  the  mieroscope;  but  in  view  of 
the  importance  of  these  subjects,  the  course  pursued  will 
doubtless  be  approved.  Attention  may  be  called  to  the  para- 
graph headings  and  italicized  words,  which  suggest  a  system 
of  questions  facilitating  a  review  of  the  text. 

Id  conclusion,  the  author  will  feel  that  his  labor  has  not 
been  in  vain  if  the  work  should  serve  to  call  deserved 
attention  to  a  subject  hitherto  slighted  in  the  curriculum  of 
medical  education. 

JOHN  C.  BRAPER. 
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MEDICAL   PHYSICS 


PART  I. 

MATTER  AND  ITS  FORMS. 


SECTION  1. 
PROPEETIES  OF  MATTER. 

i:n"troductio]S". 

Derivation  of  physics — Relation  to  metaphysics — Relation  to  mathematics^Rela- 
lion  t")  chemistiy — Relution  to  mechanics — Medical  physics — Perception  of 
physical  phenomena — Divisions  of  physics — Matter  defined. 

1.  SeriTation. — The  word  phyaics  18  derived  from  ^fcoic,  nature. 
It  is  the  science  of  nature,  or  natural  philosophy. 

2.  Belation  to  Hetaphysios. — It  is  that  branch  of  knowledge 
which  has  for  its  Bubject  all  things  which  exist  independently  of 
the  mind's  conception  of  them.  It  thus  stands  distinct  from 
metaphysics,  or  the  acience  which  has  for  its  subject  the  ideas 
which  exist  in  the  mind  only. 

3.  Sfllation  to  Mathematics. — While  many  of  the  laws  of 
physics  may  be  discussed  from  a  mathematical  point  of  view, 
there  is  a  broad  difference  between  mathematics  and  physics. 
To  illustrate  this  we  quote  the  words  of  Herschel  in  his  essay 
"On  the  Study  of  Natural  Philosophy" — "A  clever  man,  shut 
up  alone,  and  allowed  unlimited  time,  might  reason  out  for 
himself  all  the  truths  of  mathematics  by  proceeding  from  those 
simple  notions  of  space  and  number,  of  which  he  cannot  divest 
himself  without  ceasing  to  think.  But  he  could  never  tell 
by  any  effort  of  reasoning  what  would  become  of  a  lump  of 
sugar  if  immersed  in  water,  or  what  impression  would  be  pro- 
duced on  his  eye  by  mixing  the  colors  yellow  and  blue."  The 
essential  difference  between  the  two  sciences,  therefore,  is  that 
physics  is  a  aeienee  of  observation  and  experiment,  while  mathe- 
matics may  be  evolved  by  the  reasoning  faculty  alone. 

Physics  is  an  inductive  science  evolving  a  general  principle 
from  special  facts. 
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Mathematics  is  a  deductive  science  drawing  a  particular  truth 
from  a  general  principle.  Mill  says,  mathematics  is  the  most 
perfect  type  of  the  deductive  method. 

4.  Belation  to  Chemistry. — Physics  deals  with  all  the  phenomena 
and  modifications  which  bodies  present,  so  long  as  they  are  not 
changed  in  composition.  In  this  respect  it  is  separated  from 
chemistry,  which  treats  of  the  composition  of  bodies  and  the 
changes  therein. 

5.  Belation  to  Hechanics. — Mechanics  is  that  division  of  physics 
which  treats  of  the  principles  involved  in  the  construction  and 
action  of  machines.  In  consequence,  we  find  the  term  animal 
mechanics  frequently  applied  to  the  consideration  of  those 
functions  of  the  body  which  resemble  the  actions  of  machines. 

6.  Medical  Fhysica  discusses  the  laws  and  phenomena  of 
physics,  with  which  the  physician  should  be  acquainted,  to 
understand  the  processes  of  life,  and  also  those,  a  knowledge  of 
which  is  necessary  for  the  improvement  of  the  hygienic  condition 
of  the  community  in  which  he  lives.  In  evidence  of  the 
manifold  and  varied  applications  of  physics  in  medicine,  the  fol- 
lowing examples  are  cited : 

1.  The  explanation  of  the  function  of  respiration  on  the 
principles  of  pneumatics  and  diffusion  of  gases. 

2.  The  influence  of  latent  heat  in  the  maintenance  of  a  fixed 
temperature  in  all  hot-blooded  animals. 

3.  The  dependence  of  the  phenomena  of  circulation  of  the 
fluids  of  the  body  on  the  laws  of  hydrodynamics  and  hydraulics. 

4.  The  application  of  the  principles  of  capillarity  to  the 
explanation  of  absorption  and  secretion. 

5.  The  explanation  of  the  action  of  the  locomotive  system  ou 
the  principles  involved  in  levers,  with  the  numerous  forms  of 
surgical  apparatus  dependent  on  levers  and  wedges. 

6.  The  elucidation  of  the  action  of  the  organs  of  vision  and 
of  hearing,  by  the  laws  of  optics  and  acoustics. 

7.  Laat  though  not  least,  the  relations  of  meteorology  to 
animal  beat,  and  to  the  appearance,  advance,  and  retrogression 
of  various  diseases. 

Many  other  examples  might  be  offered  to  show  that  physics 
rivals,  if  it  does  not  surpass  chemistry  in  the  explanation  of  the 
phenomena  of  life.  It  is  no  exaggeration  to  say  that  there 
is  not  a  tissue,  organ,  or  function  of  the  body,  the  proper  com- 
prehension of  which  does  not  involve  a  knowledge  of  the  laws 
of  physics.  We  may  with  equal  justice  affirm  that  there  is 
scarcely  a  principle  of  physics  which  is  not  applied  in  some  form 
in   the   human    body.     The  importance   of  wie  study   of   this 
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lepardncnt  of  scioticc  will,  tbertibrc,  be  self-evident  to  every 
true  student  and  practitioner  of  mediciuc. 

The  diBrcgapd  which  physicians  in  the  United  States  have 
hitherto  shown,  for  even  a  superficial  knowledge  of  physics, 
iii  uiipardonahlo.  This  arises  in  jiurl  fruin  (he  newness  uf  the 
countrj",  and  the  desire  to  ninke  money  qnicfcly.  It  may  he  said 
that,  outside  of  our  great  cities,  very  few  praetitioiiere  of  medi- 
cine have  any  conception  of  their  true  relations  to  the  community 
iu  which  they  live.  They  move  in  a  narrow  groove,  and  their 
knowledge  is  founded  almost  exclusively  on  personal  cxpcrieDce. 

The  title,  pliysieinn,  has  iionorahly  eaeaped  the  odium,  tliAt 
has  fatten  on  (hat  of  doctor.  Every  rjuack,  or  charlatan,  calls 
himself  ii  doctor,  and  ilit)!M*  who  believe  in  him  vieU]  to  his 
asftumption.  Xor  so  with  the  title  of  physician.  The  word,  by 
ita  derivation,  means,  one  having  a  knowledge  of  nature,  and  to 
bo  physicians  in  the  true  sense  of  the  term,  we  must  extend  our 
knowledge  and  influence  beyond  the  mere  empirical  practice  of 
the  heating  art. 

The  trne  physician  ia  the  man  of  science  in  the  community  In 
which  he  livetr.  He  intercepts  himself  in  the  t^anitary  conditions 
rif  his  vicinity.  He  warns  bis  people  regarding  the  deadly 
germs  that  may  exi^t  in  the  water  they  drink,  aad  in  (he  air  they 
hreatlie.  He  insistfi  on  the  proper  ventilation  and  warming  of 
tlieir  public  and  private  buildings.  He  shows  them  the  irapor- 
tauce  of  careful  removal  of  all  otlal  and  sewage  from  their 
boascH,  and  how  it  should  he  done.  He  tenches  them  liow 
to  distinguish  wholesome  from  unwholesome  food,  and  how  to 
prefmre  it  ho  a«  to  present  (he  highest  nutritive  value.  As  far 
as  in  hifl  power  lies,  he  wards  off  tlie  approach  of  diecaae,  and 
K'eks  to  improve  hygienic  condilious,  so  that  the  power  to  reeist 
(iisea-se  may  hi-  us  perfect  as  possible.  To  accomplish  this  work 
properly,  he  must  have  knowledge,  not  only  of  the  principles  of 
physics  eonneetod  with  the  functions  of  the  iuterior  of  the 
wonnnjy,  but  also  of  those  which  oftbr  the  most  favorable  con- 
ditions for  the  niatnteuauce  of  health, 

|7.  Perception  of  Physical  PhenoxDenfl. — The  phenomena  per- 
iled by  bodies  generally  uti'cct  one  or  more  of  our  »[»eeittl 
flenaes  iiirccttu,  as  when  they  are  sonorous,  warm,  luminoua. 
Sometime.*  the  changes  can  only  bo  perceived  indirfcllt/,  as,  for 
example,  when  a  mass  of  »ni\  iron  becomes  magnetic,  the  change 
is  best  detected  by  its  altered  relation  to  other  ntasses  of  inm, 
which  it  now  uttracts;  whereas  it  failed  to  do  so  before  the 
tnognetiflni  was  developed. 

8.  OiTuioDi  of  Fhyiioa. — The  study  of  physics  arranges  itself 
fiaturaliv  uuder  two  divisions.     The  tirst  of  these  deals  with  the 
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things  or  objects  acted  upon.  These  are  grouped  together  under 
the  genera]  head  of  matter.  The  second  treats  of  energy,  or  the 
origin  of  the  forces  which  act  upon  matter,  and  produce  the 
varied  phenomena  which  matter  presents  for  our  consideration 
and  examination. 

Professor  Tait  says:  "The  fundamental  notions  which  occur 
to  US  when  we  commence  the  study  of  physical  science,  are  those 
of  tirae  and  spax^e.  In  relation  to  these,  algebra  has  been  called 
the  science  of  pure  time,  and  geometry  of  pure  space."  The 
study  of  the  special  mixed  science  of  space  and  time  is  called 
Janematics, 

Close  upon  our  ideas  of  time  and  space  follow  those  of  matter, 
position,  motion,  force.  Of  these,  position  is  a  space  relation  or 
geometrical  conception.  Motion  is  change  of  position,  which, 
since  it  varies  in  rate,  implies  the  idea  of  time  as  well  as  space. 
They  are  both  independent  of  our  conceptions  of  matter  and 
force,  or  rather  of  energy,  which  may  be  defined  as  the  power  of 
doing  work,  or,  as  Tait  puts  it,  "  of  doing  mischief; "  and  which 
we  may  regard  as  the  cause  of  force. 

"As  silver  and  gold  are  difl'erent  forms  of  matter,  so  sound, 
heat,  light,  etc.,  are  now  viewed  as  different  forms  of  energy.  It 
is  this  idea  which  enables  us  to  coordinate  the  apparently  diverse 
sciences  which  constitute  physics.  In  its  application  we  are  ever 
obliged  to  be  on  our  guard,  in  respect  to  the  manner  in  which  we 
treat  the  evidences  afforded  by  our  sensations.  Take,  for  ex- 
ample, sound  and  light;  until  they  affect  certain  special  senses 
they  are  wave-motions.  The  sensation  is  as  different  from  the 
cause,  as  the  pain  produced  by  a  cudgel  is  dift'erent  from  its 
motion." 

So  intimate  are  the  relations  between  matter  and  energy,  that 
it  is  impossible  to  consider  matter,  without  at  the  same  time 
dealing  with  certain  forms  of  energy,  as  attraction  and  motion, 
which  are  inseparable  from  and  inherent  in  matter.  We  shall, 
therefore,  as  occasion  arises,  examine  the  leading  features  of 
these  two  forms  of  energy,  as  far  as  is  necessary  for  the  proper 
comprehension  of  the  constitution  and  forms  of  matter,  and 
reserve  their  more  detailed  study  to  the  division  of  energ}'  proper. 

9.  Matter  Defined. —  The  most  concise  definition  of  matter  is  thai  it 
is  anything  which  may  be  perceived  by  one  or  more  of  our  special 
senses  as  occupying  space.  Everything  not  so  perceptible  is  called 
immaterial.  We  may,  perhaps,  best  realize  the  difference 
between  the  terms  material  and  immaterial  by  an  example;  so, 
while  the  body  is  material,  the  mind  or  the  soul  is  immaterial ; 
while  the  universe  presents  the  material  on  its  grandest  scale, 
the  creator  and  ruler  becomes  to  us  the  noblest  illustration  of  the 
immaterial.    The  pride  which  we  feel  in  our  accumulated  knowl- 
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edge  IB  humiliated,  when  we  realize  how  incompetent  onr  finite 
minds  are  to  grasp  the  ideas  presented  hy  the  universe  and 
its  creator.  We  may,  it  is  true,  fathom  the  meaning  of  space, 
so  long  as  it  is  confined  to  measurements  which  we  can  execute; 
but  infinite  space  like  that  embraced  hy  the  universe  surpasses 
our  comprehension.  Time  may  be  realized  while  limited  to 
small  portions  of  the  brief  span  comprised  in  a  lifetime;  but  no 
human  mind  has  ever  compassed  the  idea  of  eternity,  that 
endless  time,  before  which  even  the  grandest  intellect  stands 
humbled  and  appalled.  So  energy  in  its  turn  may  he  realized 
while  it  remains  shackled  within  the  control  of  our  individual 
physical  powers,  hut  we  cannot  frame  the  first  conception  of  an 
energy,  or  a  force  which  is  almighty,  which  governs  the  universe, 
regulates  the  motions  of  planets  and  suns,  and  which  many 
imagine  may  even  have  created  matter. 


CHAPTER    I. 

STBUCTURE  OR  CONSTITUTION  OP  MATTER. 

Subdivisions  of  matter — MechaDical  subdivision — Particles — Minute  living  org&n- 
iems — Subdivision  by  solution — Chemical  subdivifiion — Atom  and  molecule 
defined — Origin  of  the  idea  of  atoms — Cohesion — Effects  of  heat  and  pressure 
on  matter — ^The  molecules  do  not  touch — Motion  among  molecules — Theory 
of  the  structure  of  matler— Relative  sizes  of  molecules  and  interstices — Esti- 
mated actual  sizes  of  molecules  and  interstices — Imperfection  »f  so-called 
vacua — Omnipresence  of  matter. 

To  understand  the  changes  which  matter  presents,  and  the 
influence  of  forces  thereon,  it  is  necessary  to  determine  the  struc- 
ture or  constitution  of  matter.  By  means  of  the  following 
experiments  and  investigations,  we  shall  arrive  at  a  satisfactory 
solution  of  this  problem. 

10.  Subdivision  of  Hatter  may  be  of  three  kinds,  or  degrees, 
according  to  the  methods  employed.  These  are:  1,  Mechanical 
means  of  various  kinds;  2,  Solution  either  of  a  solid  in  a  fluid, 
or  of  a  solid  or  fluid  in  air;  3,  Chemical  processes. 

11.  Hechauical  Sabdivision. — If  we  place  a  portion  of  chalk  in 
a  porcelain  mortar  and  pound  it  with  the  pestle,  it  breaks  into 
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fragments,  which  become  emaller  and  smaller  as  the  pounding 
or  blows  are  continued,  until  finally  the  whole  mass  is  reduced 
to  a  coarse  powder.  This  process  is  know^n  as  pidoerizatum.  To 
reduce  the  coarse  to  a  tine  powder,  the  contents  of  the  mortar 
are  submitted  to  a  grinding  operation,  by  rubbing  them  in  the 
mortar  with  the  pestle.  This  is  called  (rituralion.  Many  other 
methods  of  mechanical  subdivision  will  suggest  themselves,  but 
these  answer  our  purpose  for  the  present. 

12.  Particles. — The  tine  powder  produced  by  trituration,  though 
it  appears  to  be  impalpable,  if  examined  under  the  microscope 
with  a  sufficiently  high  power  is  seen  to  be  made  up  of  minute 
masses,  which  are  called  particles.  A  particle  may,  tnerefore,  be 
defined  as  the  minutest  subdivision  of  matter  attainable  by  mechanical 
means.  In  the  case  of  mercury  this  subdivision  may  be  carried 
on  until  the  globules  are  less  than  the  ^^J-utt  ^^  *"  '"<^^  ^° 
diameter,  as  in  blue  mass.  The  smallest  single  particle  discov- 
erable by  the  normal  unassisted  human  eye  is  generally  stated 
to  be  about  T^jVir  ^^  *^  ^^^^  ^^  diameter.  In  this  method  of 
subdivision  the  particles  retain  all  the  physical  properties  pre- 
sented by  the  original  mass,  viz.,  the  color,  hardness,  etc.,  being 
unaltered. 

13.  Minute  Living  Orgfanisnu. — Though  our  senses  can  with 
difficulty  appreciate  the  minuteness  of  the  particles  attainable 
by  mecnanical  subdivision,  yet  these  are  rivalled  and  even  ex- 
ceeded in  smallness  by  innumerable  living  organisms.  The  red 
corpuscle  or  disks  which  are  found  in  human  blood,  for  ex- 
ample, are  often  xoW  of  an  inch  in  diameter  and  scarcely  t^las 
of  an  inch  thick.  One  of  the  most  minute  of  the  animalcules 
is  the  jnonas  crepitculum,  or  twilight  monad.  This  little  creature 
is  carnivorous  in  its  habits,  its  globular  body  is  sometimes  only 
jg^Pj^  of  an  inch  in  diameter,  yet  it  has  distinct  organs,  made 
up  of  innumerable  particles,  and  thereby  shows  us  that  small 
as  are  the  particles  attainable  by  mechanical  subdivision,  there 
are  subdivisions  which  are  infinitely  more  minute. 

14.  SubdiTision  by  Solution. — If  we  take  one-tenth  of  a  grain 
of  indigo  and  dissolve  it  in  a  little  strong  sulphuric  acid,  it  will 
give  a  blue  tint  to  five  hundred  ounces  of  water.  Such  a  solu- 
tion contains  less  than  one-millionth  of  a  grain  of  coloring 
matter  to  the  drop  of  fluid.  It  is  even  estimated  that  in  this 
case  the  particles  of  indigo  are  only  5000000 oSoooooo'  P^'"*  ^^  * 
cubic  incri  in  size. 

When  a  grain  of  musk  is  exposed  in  a  room  it  will  give  its 
characteristic  odor  to  the  air  of  the  apartment  for  many  mouths, 
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ai  the  close  of  that  time  it  will  have  loet  onl}*  u  small  frac- 
llion  of  its  wfijfhl. 

Ill  thvie  cxuiniileTt  of  RiihrliviRion  atid  liitt'iii^ioii  nf  niie  material 

Ihniueliont  anotncr,  we  ha%'c  in  reality  i^cpaoitiHl  tlkc  iiltiniate 

IpartiJlus  of  one  suLfilariue  from  cacU  other  by  iiitriKliiciiig  bo- 

Ml  theiti  one  ormoreexcee(lin<rly  minulf  particlceof  anorher 

stance.     If  the  disRolving  niati;i'ial  i.*  vastly  greater  in  maes 

than  that  disBoIirccl.  we  may  even  ap|iroueh  the  smallest  ilegree 

of  BubdiviKion  of  whicli  the  dissolve']  body  is  capable,  and  still 

trotain  its  properties.     To  tfaia  degree  of  subdivision  tbe  terra 
moUcuU  is  applied. 

Iff.  Chemical  SubdlTisioa.^ — Taking  »  portion  of  the  clialk  pow. 

Uier  prodiifeJ  hy  nieoh:inical  subdivision  (111,  and  pouring  dilute 

I'liydrochloric  acid  upon  it.  a  violent  etiervesecuee  \s  produee<l, 

irid  at  tuBt  the  ebn)k  diRappcnrB.     Testing  the  nature  of  the 

leaping  gas,  we  tind  that  it  is  carbonic  acid  gas,  or  carbon  di- 

[oxidc,  while  tbe  lime  of  the  chalk  remains  in  the  aoUilion 

Jformod.      In   ibid  ease  we  have  by  ehomieal  action  torn   the 

hiudeeule  of  chalk  iisiinder  and  produced  tlierufrom  u  nioleeulo 

Imf  earbon  dioxide  and  a  molecule  of  calcium  chloride.     In  the 

itne  manner,  we  may  by  Buitable  methods  separate  the  carbon 

Hoxidc  into  the  two  bodies,  carbon  and  oxygen,      lierc  our 

lower  ceases  for  the  present,  but  we  have  learned  that  the 

molecule  of  calcium  carbonate  forming  the  chalk  was  not  the 

[isfit  ftlage  of  separaiion  of  wliich  that  body  was  capable.    From 

pt  we  set  free  the  guseou*  carbonic  acid,  which  in  its  tnrn  was 

Idinsible  into  carbim  and  oxygen,  ami  since  we  cannot  s<eparuto 

Icilher  of  these  into  simpler  bodies  we  call  them  drmmts.     With 

[these  facts  before  us,  wc  are  prepared  to  understand  what  ie 

lintunt  by  an  atom  and  a  molecule. 

IB,  Atom  and  Molecule  Oeflned. — An  atom  is  the  smaUesi  ronceiv- 

i'nto  7i!hirh  an  liemenlartf  botitf  can  fie  divided,  or  the 

'portion  of  ai\  etemenl  that  cnn  enter  into  combination. 

Wliile  we  may  conceive  of  an  atom  of  oxygen  or  of  atiy  other 

[elementary  body,  modern  chemistry  teaches  us  that  a  single 

[atnni  never  exists  in  the  free  state;  it  is  ah\  ;iys  combined  with 

)nc  or  raorc  atoms  of  the  same,  or  of  a  ditferent  kind.     The 

iDialloftt  possible  free  portiou  of  oxygen  must,  therafore,  consist 

|of  at  leuMt  two  atonoi  of  this  Imdy,  and  w*e  speak  of  this  aa  a 

loleeule  of  oxygen;  we  may  consequently  say  that  '*  mokfulf  i» 

ttpogrd  of  atoms,  <md  is  thv  smatlcsl  portion  of  a  substanrr  mmblt 

id/  a  septiratt  existence.     The  term  molecule  may  be  ajiplied  lioth 

elementary  and  compound  substances,  while  tbe  idea  of  an 

Horn  10  only  applicable  to  elements. 
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17.  Origin  of  the  Idea  of  Atonu. — The  conception  of  the  atom 
desceoda  to  us  from  the  ancient  Greeks,  though  it  probably 
originated  in  India,  where  doctrines  similar  to  the  centres  of 
force  of  Boscovich  have  been  subjects  of  discussion  from  very 
remote  times.  Among  the  early  students  of  atoms  was  Leu- 
cippus.  He  adopted  the  theory  of  atoms  because  all  arguments 
in  favor  of  infinite  divi?il)ility  necessarily  ended  in  empty  words, 
or  in  incomprehensible  thoughts. 

18.  Coheaion. — For  the  subdivision  of  matter  we  have  seen 
that  force  is  necessary.  It  is.  therefore,  evident  that  some  op- 
posing force  exists  in  matter  by  which  its  molecules  are  united, 
or  bound  together.  To  this  the  name  of  cohesion  has  been 
given. 

Let  a  small  sheet  of  glass,  three  or  four  inches  square,  be  sus- 
pended by  threads  and  so  adjusted  that  its  surfaces  are  in  a 
horizontal  plane.  Then  let  the  lower  surface  of  the  glass  be 
brought  in  contact  with  water.  The  glass  and  water  immedi- 
ately attract  each  other,  and  a  certain  amount  of  force  is  re- 
quired to  separate  them. 

In  this  case  we  have  apparently  siiown  the  attraction  between 
glass  and  water;  but  if  we  examine  the  experiment  more  care- 
fully, we  find  tbat  the  lower  surface  of  the  glass  is  covered  with 
a  layer  of  the  liquid.  It  is,  therefore,  evident  that  we  have  not 
separated  the  glass  from  the  water,  but  we  have  torn  the  mole- 
cules of  water  asunder,  and  tlie  force  required  to  do  this  was 
the  measure  of  their  cohesion  for  each  other. 

19.  Effects  of  Heat  and  FreBsnie  on  Matter. — Seeing  that  all 
matter  is  composed  of  molecules,  the  inquiry  naturally  arises, 
What  is  the  relation  of  these  to  each  other  as  regards  position? 

Are  they  in  contact,  or  are  they  at  a  dis- 
FiQ-  1-  tance  from  each  other?     An  answer  to  this 

question  is  oil'ered  by  the  following  experi- 
ment. UeUneated  in  Fig.  1.  Let  A  be  a 
sphere  of  brass,  two  or  three  inches  in 
diameter,  made  as  true  as  possible,  and  sus- 
pended by  a  chain.  To  the  sphere,  A.  a 
metallic  ring,  B.  is  adapted,  which  at  ordi- 
nary temperatures  permits  the  sphere  to 
pass  through  it  easily.  On  raising  the  tem- 
perature of  the  sphere  by  moans  of  a  spirit 
Eiponrion  i.y  iii-nt.  or  a  gas  flame,  and  then  attempting  to  pass 

it  through  the  ring,  we  find  that  it  will  no 
longer  do  so.  From  this  we  conclude  tliat  tlie  metallic  sphere  has 
increased  in  size  under  the  influence  of  the  rise  in  temperature. 
Allowing  the  mass  to  cool,  it  again  passes  through  the  ring  without 
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lifficuliy.    It  lias  therolbri?  dimiiiisbed  in  volume  b_v  llie«iiiniiiu- 

ion  iiitemi'Cratoro.    In  like  niaimer,  varialion^titi  pu'stnure  cHuse 
iriation  in  volamc.     In  illustration  of  thia,  take  a  Cube  one 

hell  ID  dittUK'ttir  with  a  bulb,  A,  expanded 

)n  OTIC  end.     The  tiib<>  and   bulb  are  nlniogt  Fic.  2. 

inliriily  filled  with   water,  wbicli   confines  a 

mbhlu  of  air  in  tlie  upper  purl  of  tliL>  bulb  or 

pbert-.    The  lower  part  of  the  tube  dips  under 

lie  surface  of  tlic  water  in  11  veBscJ,  13,  and 
thuA  the  fluid  is  suriiveiKled  iu  tbc  tube  und 
bulb.  Placing  thia  inslruuienl  under  a  tail 
air-pump  bell,  t_\  and  proceed! ni;  to  cxiiauet.  the 
'(ubMoof  air  dilate:*,  and  the  fluid  rctreiu**  into 

be  tube,  iiud  vessel,  U.  Kestoring  (he  press- 
ure of  the  ainiosphere,  tiie  bubble  of  air  at  A 

otitmcts,  and  the  Hiiid  returns  to  its  original 
lition. 

SO.  The  KoleoaleB  do  aot  loach. — The   only 
iX[>!i)ttiitioi)  of  ilie  phenunii.'nti  prenenied  in  the 
»re<.-vdiny;  article  U  tliiit  the  air  in  tlie  bulb  has     sx[*nM<»  urninMi 
qwinded  and  contraeted,  under  the  intiueiicu  i*«ium. 

the  variations  in  pressure.      Tliis  it  eould 

lot  do  if  the  molet^ole*  were  iu  contact  with  each  other.     "We, 

ihercfore,  arrive  at  a  correet  answer  to  the  nuestion  propounded 

_in  the  hist  article,  and  conclude  that  the  molecules  both  in  the 

>li(t  and  in  the  gajB,  cannot  bo  in  uontact.  hut  are  separated  hy 

or  intervals^  called  mleraticm. 

SL  Votion  amoQ^  Molecules. — The  cNpansion  and  contraction 
,    obtained  in  the  piv<cdiiii;  e  x  peri  men  tt-,  fthfw  that  the  moleculea 
v    mobile   iu  the  liolid   ub  well    as   in    tbc    tras.     Numerous 
rtHtaiiees  of  mobility  among  the  molecules  ot  aolida   suggest 
"iem»elve«,  but  none  is  of  greater  iutcrett  than  thow  which 
ecur  in  the  ca^e  of  penudide  of  mercury  wliicli  has  been  recently 
iblimed. 

If  a  little  of  thii*  substance   itv  placed  in  u  test-tube  and 

leAtcd,  itH   color  changes  to   a   bright   yellow.     ^Vi^er   a    few 

loments  it  vaporircs,  and,  recondensing  higher  up  in  the  tube, 

}rm&  u  yellow  subltniate.     fader  the^c  conditions  of  tcmpera- 

ire  there  is,  of  course,  no  moisture  present  on  wbich  to  base 

^•xplanatioii  of  what  follows.     If  the  yellow  sublimate  bo 

led  with  any  bni-d  fiubi4tani-e,  it  itiHtanitv  luriis  re<),  oniiig 

rnngcnient  of  the  ntolecules  of  pc-riodide  among  them- 

Evcu  without  the  act  of  tuudiing,  the  sublimate  will 

II  time  undergo  a  complete  cliange  of  tint,  passing  from  yellow 

a  brilliant  red.     Arsenious  oxide  also  otl'ere  an  example  of 
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the  same  fact,  changing  slowly  from  a  glassy  amorphoua  into 
an  opaque  crystalline  form. 

Phenomena  like  these  demonstrate  that  in  solids,  molecular 
movementa  are  not  only  possible  by  virtue  of  external  inter- 
ference.  but  they  may  also  arise  without  any  apparent  initiatiDg 
act.  The  most  rational  explanation  of  the  ehanffes  in  the  per- 
iodide  of  mercury  is,  that  even  in  the  yellow  state,  molecular 
oscillations  or  vihratinns  are  occurring,  and  the  change  to  the 
red  state  is  merely  dependent  on  some  slight  change  in  the 
manner  or  character  of  these  movements. 

If  the  idea  of  movement  in  connection  with  molecules  be 
granted  in  the  moat  solid  bodies,  we  have  an  explanation  of  the 
manner  in  which  the  interstices  (•20)  are  maintained.  For 
motion  to  exist,  the  molecule  must  have  space  in  which  to 
vibrate,  hence  the  interstice.  Increase  the  temperature,  and 
the  motion  or  vibration  increasing,  ihe  interstitial  spaces  also 
increase,  and  the  body  expands.  Diminish  the  temperature, 
the  amplitude  of  motion  of  the  molecule  diminishes,  the  cohe- 
sive force  draws  the  molecules  together,  the  interstices  diminish, 
and  the  body  contracts. 

Collecting  the  experiments  and  arguments  embraced  from 
article  11,  and  condensing  them,  we  have. the  following: 

32.  Theory  of  the  Stractnre  of  Hatter. — 1.  All  matter  is  coni- 
posed  of  molecules  made  up  of  atoms. 

2.  These  molecules  do  not  touch  each  other,  but  are  separated  by 
spot'es,  called  intennnlecidar  interstices. 

3  The  molecules  formijiff  a  substance  are  never  at  rest,  but  are  oscil- 
lating or  moving  in  various  ways,  with  inconceivable  rapidity. 

4.  7'Ac  molecules  are  drawn  toward  each  other  by  a  force  caUed 
attraction  or  cohesion  (18),  wh'ch  tmds  to  diminish  the  size  of  the 
inter st  ices. 

5.  7'Af  molecular  morenients  resist  the  attractice  or  cohesive  force. 
These  motions  are  increasetl  by  the  action  of  heat,  ami  the  size  of  the 
interstices  is  consequently  increased.  According  as  the  cohesive  force 
or  the  motion  predominates,  so  does  the  size  of  the  body  vary, 

23.  Belative  Sizes  of  Molecules  and  Interstices. — By  the  action 
of  heat,  one  cubic  inch  of  water  may  be  made  to  yield  a  cubic 
toot  of  steam.  In  its  vaporous  state  the  water  molecules  have 
the  same  chemical  compo.sition  as  in  the  fluid  condition ;  the 
difference  is  the  result  of  the  expansion  which  the  interstices 
between  the  molecules  have  undergone.  This,  and  innumera- 
ble other  examples,  show  how  great  the  size  of  the  interstices 
must  be,  compared  with  that  of  the  molecules.  In  the  case  of 
dilated   hydrogen  gas  this  excess  in  size  of  the  interstices  is 
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sntirnious;  some  havu  even  comimred  their  relfttioiiB  to  that 
■  vtt^liiig  hetwffii  the  pimiets  of  oiir  solflr  sveteni  aud  the  dis- 
iiiccs  !M:i>aroting  them. 

a.  EttimBted  Actual  Sizes  of  Holecales  and  Interaticet. — Sir 
William  Th(itiifioi)  t-»tinmti.->s  tliiit  in  Di-diiiurv  t^oliiU  and  liqnidB 
the  avernjjo  distuneft  botwi-t-n  contiguouR  iiioUh^hIcs  is  loss  than 

Itlie  millionth  of  a  inilliinelre.  In  an  article  by  Mr.  G.J.  titouey 
["Fliil.  Mug.,"  Beries  4,  ved.  8B),  on  the  "Internal  .Motiuna 
>f  liases  Compared  with  Motions  of  Waves  ot  Light,"  the 
luthor  estimates  that  there  are  not  luwer  tJian  a  unit — eighteen, 
[noit)  18,  or  1,00f)OO00Or>ii(i0000CK)O   molecules   in   each    enhic 

JniLlimetre  of  u  jias  at   ordinary  tcmperaturea  and   pressures. 

'Cocmiderin^  tliat  a  euldc  millimetre  is  about  one-lwentielh  of 
an  inch  Mpiure  i>n  each  faeo,  wo  gain  a  faint  conception  of  the 
marvellous  tuiiiuleness  of  molectdes. 

88.  Imperfection  of  So-called  Vacna. — Admitting  that  a  cubic 
lillimetre  ot*  air  or  gas  contains  u  (unit)  18  niolcf^ulcs,  it  ia 
:ndent  that  the  so-called  hanunetric  vacuum  is  sadly  miitnanied. 
ITbe  udiuirable  exbaualiou  obtained  by  Crookes  in  the  prepara- 
^on  of  his  radiomotor  tiibea  is  eqnivafeni  lo  the  almost  incou- 
loirable  proasure  of  fgQ^^;.(jn  of  an  atmosphere,  yet  even  at 
h\»  reduction  of  pretMure  a  cubic  millimetre  still  eoutaina 
1,000000000000  moleculcB  of  gas. 

26.  Onmipreaence  of   Matter. — The  imperfections  of  our  host 

^racua  (liSj  show  that  is  hardly  ]>oB9ible  to  conceive  of  space  aa 

existing  without  matter.    In  other  words,  Dtattcr  is  omnipresent. 

[('  then'  be  any  doubt  of  the  truth  of  this,  a  glance  at  tne  stars 

lould  rea!<i<ure  nv.     I>i»tant  though  they  be  from  us  and  from 

each  other,  there  {»  no  part  of  the  Leavens  that  \s  not  studded 

rith  them.     Increase  in  the  power  of  telescopes  only  serves  to 

jvcal  to  our  astouisbed  gaze  innumerable  stare  and  ncbuIiD| 

'm-hieh   before  wore  invisible.     The  wave  theory  of  light,  too, 

demaude>  the  existence  of  the  ether^  or  an  exceedingly  attenuated 

Ibnn  of  matter  existing  (hronghout  space,  and  in  which  light  is 

^ropSffStcd  by  oitcillaiionn  or  vibniiions  of  its  molecules. 

With  more  truth  than  he  keiiued,  did  Milton  in  hia  "  Paradise 

'*  cauHu  the  Ahnighly  to  exclaim; 

"I  am  who  Oil 

Infll)llU<]«,  nor  viKHIUll"  lll«  BpHl'S 

Though  I  roytclf  n-tire  " 
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CHAPTER   II. 

ULTIMATE  COMPOSITION  OF  MATTER. 

Elements  and  compounds  defined — Theory  of  the  oneness  of  m&tter — Hydrogen 
the  original  element — Nature  of  atoim. 

37.  Elements  and  Componnds  Defined. — In  ezaminftg  chemical 
subdivision  (15),  we  have  seen  that  there  ie  a  limit  to  the 
eubdivieion  of  a  body  as  regards  its  constituents.  In  the  case 
of  calcium  carbonate,  for  example,  we  arrive  finally  at"  cal- 
cium, carbon,  oxygen.  These  we  cannot  separate  into  other 
and  simpler  bodies;  though  it  is  possible  that  such  a  result 
may  some  day  he  accomplished.  Many  substances  once  thought 
to  be  un decomposable  have  since  been  separated ;  the  same  may 
happen  In  other  eases;  we  may,  therefore,  say  that: 

An  element  is  a  body  which  has  not  yet  beei\  decomposed^  while  : 

A  compound  is  made  up  of  two  or  more  elements. 

28.  Theory  of  the  Oneness  of  Matter. — While  the  discussion  of 
the  composition  of  bodies  and  the  changes  therein  belongs 
properly  to  chemistry,  there  is  one  view  regarding  the  origin  of 
elements  which  places  this  question  within  the  domain  of 
physics. 

The  chemiat  claims  the  existence  of  some  sixty-live  distinct 
elements,  out  of  which  all  the  objects  on  the  globe  are  con- 
structed. These  he  believes  "no  kind  of  alchemy  will  trans- 
mute the  one  into  the  other."  In  discussing  this,  Dr.  Arnott 
says: 

"How  sixty-five  kinds  of  matter  should,  by  variously  com- 
bining, form  the  endless  diversity  of  things  and  appearances 
which  our  globe  presents  is  not  without  analogy.  All  the  words, 
all  the  literature  of  the  Englisli  tongue  is  formed  out  of  twenty- 
four  letters,  and  all  the  letters  of  the  multitude  of  tongues  on 
the  face  of  the  earth  are  not  more  in  number  than  the  chemical 
elements.  Even  more  wonderful  is  the  fact  that  all  the  words  of 
the  English,  or  any  other  language,  may  now  be  signalled  along 
a  telegraph  wire  by  combinations  of  only  two  dififerent  signals, 
a  long  and  a  short  one."  He  might  have  added  that  the  long 
signal,  or  dash,  is  itself  a  combination  of  short  signals  or  dots. 

The  human  invention  of  written  language  indicating  not  only 
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all  the  obJGctH  on  the  globe,  but  also  expresaitiy;  tbe  thougbts, 

etuotioDS.  and  pawioua  witb  wbich  man  U  endowed,  ie,  as  we 
have  Been,  reducible  to  a  systuni  of  dots  variouelj  arrangeil. 
There  is,  therefore,  nothing  unwarrantable  in  the  conception 
that  tbe  various  kinds  of  matter,  tbe  presence  of  which  wc  ex- 

j>rcfis  by  tlic  proper  arrnngemont  of  the  Bumc  kind  of  dots  in 
telegrapliy,  may  b«  composed  of  one  kind  of  elemetilarv  atom, 

land  our  so-called  etotnotits  are  nioru  luodificatiunH  of  Ihis.    Tbe 

'atoms  we  may  say  bare  their  analogues  in  dots,  molecules  in 
lettura,  and  substances  in  words. 

Tho  astrologers  of  tbe  East  not  only  evolved  the  idea  of  the 
atom,  but  their  long-continued  observations  of  the  ceaeeless 
movtMnents  of  the  bi.*aveiily  bodies  led  them  to  believe  that  in 

:  tbe  same  way  atoin.4  cir  molecules  of  matter  were  never  at  rest 
(21).  They  even  carried  the  similitude  f\irtber,  and  taugbt  that 
^ihc  stars  of  tbe  tirmanicnt  were  alike  in  appearance,  so  matter 
all  made  up  of  ime  kind  of  atom,  and  tlie  differences  in 
nfTerent  kinds  were  merely  the  results  of  tliQerunce  in  tbe  kind 
of  motion  to  wbieli  the  elemental  atom  wa»  subjected.  Tbe 
elemental  atom,  moreover,  conetitnted  tbe  original  or  Qoiveraal 
ether. 

Among  the  Greek  philoeopbcrs,  Leucippus,  of  whom  we  have 
already  s[>oken  (17),  lield  tbal  the  idea  of  the  atom  as  tbe  ele- 
luentary  substance  gave  a  foundation  on  whiidi,  by  tbe  aid  of 
eternal  motion,  comhination,  and  separation,  all  material  phe- 
nomena might  he  built,  and  their  relaliotib  explained.  The 
ctf'ect  of  motion  in  all  its  varietv  upon  matter  is  finally  summed 
up  by  UeracIituB  in  the  saying  that  "Life  is  motion."  "Nothing 
is,  bat  as  movement."  It  is  to  t-bougbts  like  these  that  we  must 
attribute  the  search  by  tho  alchemists  for  tbe  "Philosopher's 
Stone,"  and  tbe"Klixirof  Life."  Hy  the  tiist  they  hoped  to 
lorn  the  base  metals  into  gold;  by  ilic  latter,  to  renew  their 

.yuutb  and  prolong  life  to  a  tbuusana  years  or  more. 

Of  modern  thinkers  the  eminent  pbyeieiat  and  chemist 
Omham,  was  a  leading  upholder  of  tbe  "Oneness  of  matter  and 
the  power  of  motion  and  combination  to  produce  divcrsitv." 
He,  moreover,  conceived  the  idea  (bat  tbe  diversity  in  morion 
was  tbe  only  basis  of  diversity  in  matter,  or,  in  other  words, 
tliat  an  atom  constituted  an  element  of  a  special  kind,  according 
to  the  rate  or  the  peculiarity  of  its  movements. 

Tbe  Uieory  of  the  oneness  of  matter  is  of  especial  interest  to 
the  nbysieian,  ^Ince  it  bears  a  close  analogy  to  what  be  finds 
in   tlic  stn 


tructure  of  all 


racing  tbe  higher 


living  organisms, 
nuimnl  and  vegetable  structures  back  through  their  conn*e  of 
devLiIopmcnt  to  their  first  genesis,  we  find  that  they  arc  com- 
poMid  of,  and  ihaL  tliey  originate  from,  cells.  In  their  structure 
the  resemblance  of  these   cells  to  coch  other  is  very   close. 
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"Whether  it  be  a  nerve-cell  in  the  brain,  a  muacle-cell,  a  cell  of' 
tendinous  or  cartilaginous  tissue,  or  even  of  bone  itself,  in  its 
first  inception  it  consists  of  the  same  parts,  viz.,  cell-wall,  cou- 
tentB,  nucleus,  and  nucleolus.  From  mere  cells,  the  multiplicity 
of  forms  composing  the  organic  world  is  evolved,  Om7iia  ex  oio 
being  the  motto  on  which  nature  seems  to  work  out  her  plans. 

To  the  analogy  here  drawn  exception  might  be  taken,  to  the 
efl'ect  that  these  cells  are,  after  all,  essentially  difterent.  Though 
they  resemble  each  other  in  that  they  are  composed  of  the  same 
parts,  they  are  different  in  size  and  form.  We  never,  it  might 
be  said,  find  muscle-cells  producing  a  serous  membrane,  nor 
nerve-cellB  forming  muscle.  They  therefore  differ  essentially 
from  each  other,  just  as  iron  differs  from  copper;  indeed,  tliey 
miglit  be  regarded  as  the  analoffues  of  the  atoms  of  elements, 
each  building  up  its  own  special  form  of  structure,  and  none 
other. 

Admitting,  for  the  moment,  this  apparent  objection,  let  us 
trace  the  genesis  of  the  tissues  of  any  organism  a  step  further 
back,  and  for  our  example  take  man  himself.  The  first  differ- 
entiation of  a  human  being  consists  of  the  formation  of  an  ovum 
in  the  ovary  of  the  female.  To  all  appearances,  this  is  nothing 
more  nor  less  than  a  simple  cell,  and  not  distinguishable  from 
similar  ova  of  innumerable  other  animals,  we  might  even  say  of 
plants  also.  Brought  in  contact  under  suitable  conditions  with 
its  proper  spermatozoa,  wliich  seem  to  bear  to  the  ovum  the  same 
relation  that  energy  bears  to  matter,  and  furnished  with  a  form- 
less material  as  food,  changes  begin.  What  was  at  first  a  simple 
cell,  by  the  act  of  subdivision  becomes  an  infinite  number  of  celis. 
In  the  mass  so  produced,  the  embryo  is  outlined  little  by  little. 
Tissue  after  tissue,  each  with  its  own  peculiar  cells,  appears. 
Finally  the  perfect  fcetus  is  formed.  The  child  is  born,  and  we 
are  in  the  presence  of  the  most  wonderful  of  all  creations,  mar- 
vellously complex  in  its  structure,  possessing  absolute  character- 
istics which  separate  it  from  all  other  creatures ;  and  yet  all  this 
complexity  of  structure  has  arisen  from  a  single  simple  cell.  Cells 
of  brain,  muscle,  tendon,  cartilage,  bone,  all  have  originated  from 
the  same  source.  No  two  elementary  bodies  differ  from  each 
other  more  than  brain  difters  from  cartilage,  yet  brain  and  car- 
tilage have  been  evolved  from  tlie  same  original  cell.  Is  it  any 
greater  wonder  to  imagine  that  us  such  divers  tissues  as  those 
we  have  mentioned  have  all  originated  from  one  cell,  our  so- 
called  elementary  bodies  may  have  also  originated  from  one 
ultimate  element? 

Pushing  the  analogy  still  further,  we  arrive,  in  the  organic 
world,  at  that  curious  body  called  protoplasm,  tVom  which  the 
cell  itself  is  produced,  and  whiuh  forms  the  completed  body  of  an 
araceba  and  a  moner.     AVliatever  opitiions  we  may  hold  regard- 
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tug  difl'ereuccti  among  cclU,  iiotie  can  exist  couccruing  the  uiii- 
Toriuity  ol'  protoplasm,  troiti  wimic-ver  sourL-o  it  nmv  be  obtained. 
lA  mere  fonntciw,  jctly-likc  mntcrial,  without  visible  orgniiiza- 
lioii,  it  may  be  conceivtni  tu  ha  the  aiiub)^iie  of  that  .wniclhiii^ 
whii-'b  wo  conceive  to  be  ilistriliiitvd  ihruiigbout  hjmce.  We 
[may  fiirtltcr  imagine  lliat  us  evils  are  Jitt'ereiitiated  troiu  proto- 
[|)lasni,  8*)  elementary  iitonia  arise  from  uii  iiltiiiiule  element,  and 
fm  the  cell  once  ditterentiaied  retains  its  special  Ibrm  and  prop- 
[«rtiee,  which  cannot  be  changed  or  altered  by  any  agency  at 
tour  <?oni[nttn<l,  so  elenieittary  atomB,  in  like  manner,  when  once 
[tlitl'erentiatcd  ret(i»t  all  our  attempts  at  moditication  by  the 
inieaim  we  ut  present  pirtttwss. 

S8.  Hydrogen  the  Original  Elemeat  ? — In  the  ^' Anierienn  Journal 
>f  Sciences  and  Aits,"  3d  serietj,  vol.  xviii.  p.  Utt,  there  is  a. 
Spurt  of  a  pnper  rend  by  J.  Norman  Loclcyer,  before  the  Royal 
[Society,  on  December  12, 187H.    It  is  entitled  "On  the  Suppowd 
'Gpnimund  Nature  of  the  So-called  Klements."     In  tliiH  paper 
i'!hi  Bft^'8:  "There  ai^  many  facts  and  many  trains  uf  thought 
[•oggt-sted  by  w)lar  and  stellar  phvsicM,  which  point  to  the  ny- 
potbesis  that  tbe  elements  ihemaclvefl,  or  at  all  events,  some  of 
them    lire   compound    bodies.''      The   original    element   would 
iap|war  to  be  hydrogen,  for  the  spectrum  iinalysiit  of  tbe  hottoHt 
[«1nr>t  flboWB  this  gas  to  be  present  in  eiKirmons  qmmtity,  witli 
Nery  little  else,  while  Btara  of  lower  temperature  show  u  lem 
Iproportion  of  hydrogen,  but  present  other  elements  the  variety 
t'Ot  number  of  which  increases  a»  the  temperature  descends.     In 
Btarfl  of  (he  liigheet  temporature  other  elementa  have  not 
formed,  or  they  have  been  dissocifttcd  into  hydrogen. 
ObservniiunH  by  t'rof.  Piiizzi  Mmytli,  in  another  direction,  tend 
to  the  same   t-onclunio?).     In   the  "Observatory,"  ior  October, 
1880,  ho  states  that  in  experimunta  with  low  temperature  vacuum- 
tubes,  after  a  prolonged  passage  of  the  electric  spark,  "Chlorine 
hns  been  changed  into    hydrogen,  and  nitrogen    tliougli  more 
slowly,  seems  to  he  goinjjj  the  same  way.     It*  nitrogen  alter  alt 
not  an  elenient,  but  a  compound  ?     Is  nitrogen  merely  a  par- 
ticular fonu  or  state  of  hydrogen  ?" 
Thette  opinions  show  that  the  tendency  of  modern  thought  is 
ward  the  acceptance  of  a  modification  of  the  ancient  doctrine 
'of  the  oneness  of  matter,  and  though  it  may  not  be  a  pi-oven 
(net,  we  cannot  deny  that   there  are  many  phenomena  which 
nppDrt  the  idea  of  the  origin  of  other  elements  from  hydrogen. 

30.  Httvre  of  Atomi. — On  this  subject,  says  Professor  Tait, 
various  oitiuionii  have  Inien  held.  "Among  these,  the  lirst  is 
that  of  the  per/ecdy  hard  atom.  You  meet  with  it  not  only 
long  before  tbe  time  of  Lucretios,  but  also  in  all  subsequent 
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time,  eveu  in  the  works  of  NewtoD  himself.  We  tinci  Newton 
speculating  on  this  subject  in  his  unsuccessful  attempt  to  acconnt 
for  the  extraordinary  fact  that  the  velocity  of  sound,  as  calcu- 
lated by  him  by  strictly  accurate  mathematical  processes,  was 
found  to  be  something  like  one-ninth  too  little.  We  find  New- 
ton suggesting  that  possibly  the  particles  of  air  maybe  little,  hard, 
spherical  bodies,  which,  at  the  ordinary  pressure  of  the  atmos- 
phere, are  at  a  distance  from  one  another  of  somewhere  about 
nine  times  the  diameter  of  each ;  and  he  says  sound  then  may 
be  propagated  instantaneously  through  these  hard  atoms  or  par- 
ticles of  air,  while  it  is  propagated  with  the  mathematically  cal- 
culated velocity  througn  the  space  between  each  pair.  But, 
unfortunately  for  this  explanation,  it  implies  that  sound  should 
move  faster  in  dense  than  in  rare  air  at  the  same  temperature. 
This  is  inconsistent  with  the  results  of  direct  measurement." 

"It  is  obvious,  that  if  there  are  such  small  infinitely  hard 
particles  as  atoms,  they  must  be  in  all  bodies  at  a  distance  from 
one  another,  because,  so  far  as  experiment  has  guided  us,  there 
is  no  portion  of  matter  whatever  that  is  not  capable  of  further 
compression  by  the  application  of  sufficient  pressure ;  and,  of 
course,  compression  of  a  group  of  infinitely  hard  particles  must 
presuppose  that  they  have  certain  interstices  between  them, 
80  that  they  are  capable  of  being  brought  still  nearer"  (23 
and  24). 

"Another  school  of  philosophers  and  experimenters,  recoiling 
from  the  notion  of  the  hard  atom,  took  up  the  following  idea. 
All  that  we  know  of  atoms  will  be  perfectly  well  accounted  for 
if  we  dispense  altogether  with  the  notion  of  an  atom^lispeuse 
with  anything  material  in  the  ordinary  sense  of  the  word  matter 
— but  suppose  merely  a  centre  of  force,  &uch  as  we  are  accustomed 
to  in  those  mathematical  fictions  which  we  meet  with  in  our 
text-books.  Suppose,  in  place  of  an  atom,  a  mere  geometrical 
point,  which  can  exert  repulsive  or  attractive  forces,  or  rather 
suppose  such  forces  tending  toward  or  from  a  certain  point, 
but  nothing  at  the  point,  except,  in  some  unexplained  way, 
mass.  So  tar  as  external  bodies  are  concerned,  this  will  behave 
just  as  an  atom  would  do.  That  explanation  was  taken  up  and 
developed  to  a  great  extent  by  Boscovieh,  and  was,  to  a  certain 
extent,  adopted  in  later  times  even  by  Faraday.  It  is,  as  I  have 
stated  at  the  outset,  a  mathematical  fiction,  but  it  is  often  an  ex- 
tremely convenient  one  for  the  purpose  of  enabling  us  to  make 
certain  math ematico- physical  investigations  of  what  takes  place 
in  the  interior  of  bodies  in  their  various  states  of  solids,  liquids, 
and  gases." 

A  third  hypothesis  is  that  of  the  vortex  atom,  recently  sug- 
gested by  Sir  William  Thomson.  Of  this,  Professor  Tait  says: 
**The  peculiar  properties  of  vortex-motion  were  mathematically 
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dc'ductid  for  the  tirst  time  by  Ilelniholtz.     It  is  iie«essary  to  give 

i^a  brief  sketch  of  bU  results  in  order  that  yon  may  easily  fohow 

iy  explanation  of  Sir  William  Tbomsou's  suggeetioD,  and  I  do 

'bo  tlie  more  readily  btrauaa  it  is,  nr.  at  all  fivcnta,  it  appears  to 

myself  to  bo  by  far  the  most  fruitful  in  consequences  of  all  the 

auggeetions  tbat  have  hitlierto  been   made  hh  to  the   ultimate 

PDHttire  of  matter.  Especially  doea  it  give  us  a  glimpse,  at  least, 
of  an  explanation  of  the  extraordinary  tiict,  that  every  atom  of 
any  one  aubstanec,  wheresoever  we  find  it,  whether  on  the  earth 
or  in  the  sun,  or  in  meteorites  coming  to  ua  from  costnieal 

■^iHi'OS,  or  in  the  farLhuet  distant  stars  or  nobulffi,  possesses  pre* 
ciisely  the  same  pby8i<'al  pni(>ertlea." 

"A«  a  preliuiinary  illustration,  1  shall  sliow  the  furmation  of 
a  pimple  circular  vortex-ring,  exhibiting  one  or  two  of  its  more 
important  properties," 

Fio.  4. 


"The  apparatus  consista  of  a  very  homely  arningemeiit,  merely 

ien  box  with  a  large  round  hole  made  in  one  end  of  it, 

le  the  opposite  eml  has  been  removed  and  its  place  supplied 

a  tuwel  tightly  tttroteliod.     In  order  to  make  the  air  which  is 

'*  expelled  from   this  box  visible,  we  ehargti  it  Urst  with 

noniacal  gas,  \>y  sprinkling  the  bottom  of  the  box  with  strong 

MlnHon  of  ammonia.     A  certain  <^pinntity  nf  ammonincjil  gas 

has  now  been  introduced  into  it,  and  wo  shall  develop  in  addition 

la quantity  of  muriatic  acid  g:i8.     This  is  done  by  nutting  itilo 

the   box  a  dish  containing   coininon  salt,  over  which   I   pour 

lulpburic  acid  of  commerce.    These  two  ^aaes  combine,  and 

%ni]  solid  gal  ammoniac,  so  that  anything  visible  which  escapee 

from  the  boxia  simply  partielo.i  of  snl  ammoniac,  which  are  so 

rery  small  that  they  renjaiii  suspended  by  lluid-frictiuii,    like 

iioke   in    the  air.     Now   notice  the  etlec!  of  a  Hudden   blow 

[ippliud  to  the  end  of  the  box  opposite  the  hole.     There  you 

jfeoe  a  circular  vortex-ring  moving  on  its  own  account  through  the 

^toom  ft*  if  it  were  un  indo])endcnt  solid." 

"I  shall  now  try  to  show  the  effect  of  one  vortex-ring  upon 
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another,  just  as  I  showed  it  here  to  Thomson,  when  he  at  ooce 
formed  his  theory.  You  notice  that  when  two  vortex-rings 
impinge  upon  one  another,  they  hebave  like  solid  elastic  rings. 
They  vibrate  vehemently  after  the  shock,  just  as  if  they  were 
solid  rings  of  India-rubber.  It  is  easj',  as  you  see,  to  produce 
such  vibration  of  a  vortex-ring  without  any  impact  from  another. 
All  we  have  to  do  is  to  substitute  an  elliptical,  or  even  a  square 
bole,  for  the  circular  one  we  have  hitherto  employed." 

"Now,  the  first  vortex-ring  which  you  saw  sailing  up  through 
the  class-room,  contained  precisely  that  particular  portion  of  air, 
mixed  with  sal  ammoniac  powder,  which  had  been  sent  out  of 
the  box  by  the  blow.  It  was  not  merely  sal  ammoniac  powder 
which  was  going  through  the  air,  but  a  certain  definite  portion 
of  the  smoky  air,  if  we  so  may  call  it,  from  the  inside  of  that 
box,  which,  in  virtue  of  the  vortex-motion  which  it  had,  became, 
as  it  were,  a  difierent  substance  from  the  surrounding  air,  and 
moved  through  it  very  much  like  a  solid  body." 

"In  fact,  according  to  the  result  of  Helmholtz's  researches,  if 
the  air  were  a  perfect  fluid,  if  there  were  no  such  thing  as  fluid- 
friction  in  air,  that  vortex-ring  would  have  gone  on  moving  for- 
ever. Not  only  so,  but  the  portion  of  the  fluid  which  contained 
the  smoke;  which  was,  as  it  were,  marked  by  the  smoke,  would 
remain  precisely  the  same  set  of  particles  of  the  fluid  as  it  moved 
through  the  rest;  so  that  those  which  were  thus  marked  by  the 
smoke  were,  by  the  fact  of  their  rotation,  distinguished  or  difler- 
entiated  from  all  the  rest  of  the  particles  of  air  in  the  room,  and 
could  not  by  any  process,  except  an  act  of  creative  power,  be 
made  to  unite  with  the  fluid  in  the  room." 

"That  is  a  point  which  appears  to  me  to  be  one  of  the  most 
striking  characteristics  in  the  foundation  of  this  suggestion  of 
vortex-atoms.  Granted  that  you  have  a  perfect  fluid,  you  could 
not  produce  a  vortex-ring  in  it ;  nor,  if  a  vortex-ring  were  there, 
could  you  destroy  it?  No  process  at  our  command  could  enable 
us  to  do  either,  because,  in  order  to  do  it,  fluid-friction  is  essen- 
tially requisite.  Now,  by  the  very  definition  of  a  perfect  fluid, 
friction  does  not  exist  in  it." 

"Thus,  if  we  adopt  Sir  William  Thomson's  supposition,  that 
the  universe  is  filled  with  something  which  we  have  no  right  to 
call  ordinary  matter  (though  it  must  possess  inertia),  but  which 
we  may  call  a  perfect  fluid,  then,  if  any  portions  of  it  have 
vortex-motion  communicated  to  them,  they  will  remain  forever 
stamped  with  that  vortex-motion;  they  cannot  part  with  it;  it 
will  remain  with  them  as  a  characteristic  forever,  or  at  least 
until  the  creative  act  which  produced  it  shall  take  it  away  again. 
Thus  this  property  of  rotation  may  be  the  basis  of  all  that  to  our  senses 
appeals  as  viatter." 

"In  such  a  vortex-ring  (as  you   will  easily  understand  by 


DLTIMATE   COMPOSITION   OF    MATTKR. 


I 


inking  how  it  came  out  of  the  roanii  hole  in  the  box),  the 
motion  of  the  pnrticlea  of  uir  is  of  thi?  kind.  Suppoae  it  to  be 
coming  forward  towards  you,  then  every  portion  of  the  air  on 
the  iiiijor  siile  of  the  ring  ih  moving  forward,  and  every  portion 
on  the  oatemidc  is  moving  hackunrd,  so  that  the  whole  is  turn- 
ing round  and  round  its  linear  eircuhir  <.^ore.  The  uir  all  about 
it  IS  in  motion  according  to  a  very  simple  law,  wbicli,  however, 
I  ct>uld  not  explain  without  mathematics — exeopt.  in  (ho  par- 
ticular eiiso  of  that  within  the  annulus,  which  is  nionng  forword 
'atfter  than  the  ring  itself.    I  shall  atlbrd  any  of  you  mtLo  desire 


Fio.  i. 


jt  an  opportdnity  of  convincing  yourselves  of  the  faet.  Each  of' 
ij-ou  will  find  tliat,  if  ho  places  his  face  in  the  path  of  one  of 
these  large  air  vortex-ringn.  there  is  no  Beneatltm  whatever  until 
the  vortex-ring  is  alrnowi  close  to  him.  and  when  it  readies  liini 

I  be  feels  a  sudrlen  hhistof  wind  flowing  through  the  centre  of  it. 
Thus  This  vortex-ring  not  only  involves  in  itaelf  rotating  elc 
menl-t  which  are  thereby  distinguished  altogether  from  the  other 
elementa  of  the  fluid,  but  it  aUo  U  n'<sociHted  iiecetwarily  witJi 
other  movemenlH  through  the  non-diflV't'en- 
tiatcd   air,  and  enneciaily  a  forward   rapid 
current  of  air  pafisuig  through  its  eentre  in 
the  dtroctiun  m  which  it  is  going.     Helra- 
holtz  showed  thai  if  vortex-fitariient«  exist  in 
a  continuous  medium  of  any  kind,  they  must 
■  W  ring-shaped — that  is  to  say,  endless — after 
jBany  number  of  kuottiugs  or  twi^tingx,  the 
ends  must  oome  together.     All  vortex-riiige 
—and.  thetetbro,  according  to  Sir  William 
Thomson,  all  atoms  of  mattei* — must  neees- 

Iaarily  be  endleos — that  is  to  Ray,  mast  have 
tlieir  endii  liually  united  together  aflcr  any  number  of  eonvolu- 
tioiiB  or  knots." 
"Secondly,  though  this  is  really  involved  in  what  we  have 
Just  seen,  HelmhoUz  showtt  that  fiuch  a  ring  is  indivisible ;  you 
cannot  cut  it.  I>o  what  you  like ;  bring  the  edge  of  the  keenest 
knifo  up  to  it  as  rapidly  an  you  please,  it  cannot  he  cut:  it  sim- 
ply moves  away  from  or  wriggles  round  the  knife;  and,  in  this 
sense,  it  is  literally  an  ati.>m.  It  is  a  thing  which  cannot  he  cut; 
J  tint  that  you  cannot  cut  it ;  but  that  you  cannot  so  much  as  get 
[ttt  it  so  as  to  try  to  cut  it." 

In  the  extracts  we  have  given  above  from  Profeasor  Tait's 

[■work  on  "Recent  Advances  in  Physical  8eience,"  we  have  only 

[•ought  to  present  the  i-eoent  ideas  regarding  the  nature  of  atoms, 

prit&OQt  accepting  them.     Those  who  clenire  a  more  extensive 

lUftintance  with  this  suhject,  and  with  the  doctrine  of  the 

loterogencity  of  matter,  must  consult  Professor  Tail's  work. 


Vun«k-IlD(^  ftlU^IM*. 
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CHAPTER    III. 

GENERAL  PROPERTIES  OF  MATTER. 

Indostructibtlity  end  transmigration  of  matter — Extensibility  and  impcnetrabili^ 
— Gravity  and  weight — Centre  of  gravity — Stability  of  position  in  animals — 
The  balance — Weights  and  weighing — Essentials  in  a  good  balance — Method 
of  double  weighing — Density  or  specific  gravity — Mobility — Inertia — Porosity 
— (Compressibility — Elasticity — Divisibility. 

31.  Indestmctibility  and  Tranamigration  of  Matter. — "We  cannot 

create,  neither  can  we  destroy  matter.  The  dew  which  has 
covered  the  petals  of  flowers  with  glistening  drops,  disappears 
wlien  the  raya  of  tiie  rising  sun  envelop  it.  The  water  that 
formed  it  seems  to  have  been  destroyed,  but  it  still  exists.  It 
has  only  passed  from  visible  water  to  invisible  vapor.  Though 
the  eye  cannot  pei-Ccive  it,  there  is  no  difficulty  m  proving  its 
existence  by  other  means,  and  forcing  it  to  reawsume  its  visible 
liquid  state. 

The  candle-flame  by  which  we  seek  to  extend  the  length  of 
our  days,  oft'ers  even  a  better  example  of  the  indestructibility 
of  matter.  The  wax  or  fat  of  which  the  candle  is  formed,  is 
composed  chiefly  of  carbon  and  hydrogen.  In  giving  forth  its 
light  the  flame  slowly  feeds  upon  the  combustible  substance, 
and  as  this  wastes  away,  it  appears  to  have  been  destroyed,  but  it 
has  not.  In  the  flame  itself,  through  which  we  may  rapidly  pass 
the  finger  without  feeling  any  resisting  medium,  there  is  solid 
matter.  This  we  may  easily  show  by  causing  a  flame  to  impinge 
upon  a  colli  surface,  when  at  once  it  deposits  soot  or  solid 
carbon.  Even  when  the  carbon  has  disappeared  in  the  upper 
part  of  the  flame,  and  only  invi-sible  products  are  present,  we 
may,  by  passing  these  over  melted  potassium,  recover  the  carbon 
in  the  same  state  as  we  found  it  in  the  flame.  The  carbon  of  the 
wax  has  not  been  destroyed,  it  has  only  changed  its  state  so  as 
no  longer  to  be  perceptible  to  certain  senses. 

Living  plants  and  animals  give  an  admirable  illustration  of 
the  indestructibility  of  matter,  and  also  of  its  unceasing  passage 
through  varied  forms.  The  processes  of  animal  life  result  largely 
in  the  production  of  carbonic  acid  gas,  which  is  eliminated  in 
the  invisible  state  from  the  lungs.  It  is  identical  with  the  gas 
thrown  ofl:'  in  the  combustion  iti  a  candle-flame.  It  has  even  been 
said,  and  not  without  reason,  that  we  ourselves  may  be  likened 
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to  flames.  We  are  mere  forms  tlirnii»h  which  matter  is  pnaeing. 
We  consume  food  as  the  Hame  coiibuiiics  fat,  thU  in  each  u'JWo 
is  oxidized,  pruduciiig  a  uioro  or  ]vsa  trantiionc  Ibriti.  Tbe 
iinxliict  of  the  oxidutiuii  in  both  is  llio  same,  oarboiiic  acid  gas. 
To  plants  this  gM,  the  refuse  of  the  bodies  of  animals,  is  of  the 
ulinoet  importance.  To  them  it  is  food  and  sustenance.  They 
consume  it  with  aWdity.  Out  of  it  they  construct  their  tissues, 
producing  forms  far  more  permanent  than  thoiie  of  animals, 
but  to  lie  eonsumcd  by  annnuls  and  again  pass  through   the 

» circuit  uf  nature. 
Matter,  therefore,  is  not  only  indestructible,  but  certain  kinds 
of  it  are  ceaselessly  passing  through  living  creatures.  Even 
man  himself  caunot  chum  as  individual  property  the  atoms 
which  build  up  the  organs  of  his  body.  Tboy  are  not  even  the 
j|jroperty  of  cullcctivo  humanity,  but  have  passed  innumerable 
[times  through  animal  and  plant  creutions.  What  a  UumiUating 
lleasoD  this  elementary  scientific  fact  teaches  us.  The  very* 
Ibodies  in  which  we  take  so  much  pride,  and  which  wc  care  for 
'BO  tenderly,  are  merelv  parsing  forms  of  matter  in  which  the 
itpirit  is  crothed  for  a  l^nef  time.  We  die,  and  our  corporeal 
I  jMirticIcB  escape  na,  never  to  be  regained. 

The  ancient  doctrine  of  transmignilion  we  may  reject  when 
[•pplied  to  the  soul,  about  which  we  know  nothing,  but  in  the 
case  ot  matter  it  is  indubimblc.     Indeed,  wo  may  say  that  suffi- 
cient tim^-  being  granted,  it  is  oa  mnch  a  property  of  matter  as 
iudestructiliilitv  itself. 


32.  Extensibility  and  ImpeDetrability. — The  first  of  these  is  Ihe 
properly  hy  which  matter  orcttpies  a  txrUiiit  Jlxed  portion  of  space. 

B^  impfnetrabiliti/  wt  wuUrstnnd  (hid  Uoo  portions  of  matter  camtot 
I  txcupy  ihc  same  portion  of  space  at  the  same  time.  If  we  press  a 
bottle  mouth  downwards  under  water,  the  fluid  cannot  enter 
the  ressel,  since  it  is  occupied  by  uir.  For  the  water  to  gain 
entnince  the  air  must  escape,  as  we  see  is  the  case  when  the 
I  bottle  is  immersed  month  upwanls,  when  the  rale  of  egress  of 
!the  air  is  exactly  proportional  to  the  rate  of  ingress  of  the 
fluiiL  So,  ulso,  when  a  nail  is  driven  into  wood,  the  iron  forci^ 
the  wood  to  the  right  and  left;  the  two  bodies  do  not  occupy 
the  Bame  space  at  the  same  time.  Strictly  speaking,  the  term 
impenetrability  should  only  he  applied  to  molovulcs  and  atoms. 
By  some,  extension  and  impenetrability  are  used  as  synonymous 
H  terms. 

^^  What  has  here  been  said  applies  equally  in  the  case  of 
^^^Blled  pendraHng  woundSy  the  term  is  not  correctly  used. 
^Kme  tijsufj  of  the  hody  are  as  impenetrabU.  as  any  other  matter,  and 
■rAe  u>ord  is  only  admissibie  with  the  understanding  that  there  i» 
^  mention  o/  amtinidty  of  the  tissue. 
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33.  Gravity  and  Weight. — Matter  may  be  dealt  with  nnder 
three  conditions :  molar,  molecular,  and  atomic.  The  two  forces 
of  attraction  and  motion,  which  are  inherent  to  matter,  may 
also  be  coneidered  from  three  similar  points  of  view. 

Atomic  attractions  and  motions  belong  properly  to  the  domain 
of  chemistry. 

Molecular  attractions  and  motions  determine  the  solid,  liquid,  or 
other  form  of  a  body,  and  its  relations  to  light,  heat,  and 
electricity.     Their  consideration  belongs  to  physics. 

Molar  altractiffiis  and  motions  are  by  many  dismissed  to  the 
province  of  mechanics,  but  we  have  retained  them  within  that 
of  physics,  of  which  mechanics  may  be  regarded  as  a  subdi- 
vision (5). 

Molar  attraction  when  applied  to  the  attraction  of  the  earth 
for  objects  on  its  surface,  is  called  gravity.  The  resistance  re- 
quired to  overcome  this  attraction  is  called  weight,  and  is  accepted 
as  one  of  the  properties  of  matter  in  general.  For  the  determi- 
nation of  the  weight  of  bodies,  the  student  is  referred  to  article 
36,  on  the  balance. 

34.  Centre  of  Gravity  may  also  be  called  the  centre  of  weight 
or  attraction.  It  is  the  poiutin  a  body  about  which  all  its  parts 
exactly  balance  one  another.  If  this  point  be  supported,  the 
whole  body  will  remain  at  rest  in  any  position  in  which  it  may 
be  placed.  For  many  purposes  the  whole  weight  of  a  body  may 
be  regarded  as  being  concentrated  at  its  centre  of  gravity. 

In  bodies  of  regular  geometrical  forma,  the  centre  of  gravity 
coincides  with  the  centre  of  form,  and  may  be  easily  determined, 
provided  they  are  of  uniform  density.  In  a  circle  or  sphere,  it 
is  at  the  geometrical  centre.  In  a  cube,  at  the  crossing  of  the 
diagonals.  In  a  cylindrical  rod  or  bar,  such  as  may  be  used  for 
the  beam  of  a  balance,  it  is  at  the  centre  of  its  axis. 

The  experimental  determination  of  the  centre  of  gravity  of 
any  irregular  body,  may  be  accomplished  as  follows  :  The  body 
is  first  suspended  by  a  string  attached  to  one  point,  the  line 
formed  by  the  string  is  projected  through  the  object.  The  point 
of  attachment  of  the  string  is  then  changed,  and  the  new  line  of 
suspension  projected  through  the  substance.  The  crossing 
of  these  two  lines  is  the  centre  of  gravity  of  the  object. 

The  stability  of  position  of  a  body  depends  upon  the  relations  of 
its  centre  of  gravity  to  its  base.  The  essential  condition  is  that 
the  centre  of  gravity  must  lie  vertically  within  the  area  occupied 
by  the  base.  A  greater  extent  of  base,  other  things  being 
equal,  gives  greater  stability.  The  more  vertical  the  centre  of 
gravity  over  the  centre  of  base,  the  greater  the  stability.  The 
less  the  altitude  of  the  body,  the  greater  the  stability. 

The  combination  of  all  of  these  conditions  gives  the  most 
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complete  stal)ility.  A  Kerious  deficiencv  in  any  one  of  them 
iimv  make  tlie  body  exceedingly  unatalile,  m  wuen  we  attempt 
lo  etand  a  pyramul  upon  its  apex.  Though  the  centre  of  gravi^ 
may  tben  be  vertically  over  the  centre  of  ihc  supporting  base, 
the  latter  is  so  minute  that  the  slightest  movement  throws  the 
centre  of  gravity  to  oiio  aide,  or  the  other,  of  the  supporting 
anrface,  and  the  body  falls. 

35.  Stability  of  Fotitioa  in  Ammals. — In  quadrupeds,  stability  of 
pofiition  in  the  standing  attitude  is  very  great  since  their  base  of 
support  JB  large,  being  represented  by  tlie  area  enclosed  by  their 
four  feet,  when  in  contact  with  the  ground,  and  the  centre 
of  gravity  is  alrno^it  vertically  over  its  centi-c.  So  little  effort  is 
required  to  maintain  tlie  erect  ^lowitiun  in  thoeo  creaturett,  that 
they  may  often  he  seen  sleeping  in  thnt  attitude.  Next  in  sta- 
bility to  quadrupeds,  come  the  kangaroue<.  These,  though 
biped  in  appearance,  actually  use  the  tail  us  a  third  leg,  and  so 
increase  their  base  of  aupport. 

In   l»ipefU  like  man.  the  hn«e  of  support  is  so  small   tlmt 
numerouf*  tnaU  are  required  before  the  power  to  keep  the  ereet 
;]>OBilion  is  acquired.     In  the  act  of  walking,  by  bending  for- 
iranU,  the  centre  of  gravit3'  is  tbmwn  first  over  one  fof>t,  and 
then  over  the  other,  aa  is  imitated  in  the  toy  called  the  tumbler. 
According  as  the  width  of  the  pelvJH  is  greater,  the  adjustment 
■  tif  the  centre  of  gravity  !<»  tlic  position  of   the  feet   re(pnri'8 
'greater  extent  of  motion.     Ilcuce,  the  lateral  sway  seen  in  the 
walk  of  woman  compared  with  that  of  man.     The  same  move- 
ment is  for  a  like  reason  exaggerated  to  a  still  greater  extent  in 
the  waddling  walk  of  the  duck  and  gouse. 

The  noceasity  of  a  eontinual  adjustment  of  the  centre  of 
eruvity  to  the  supporting  base,  coiupeb  us  to  seek  in  surround- 
irig  objects  some  standard,  by  which  we  may  ourselves  niiiintain 
the  vertical  position.  Vertigo  and  sicktiess  often  result  when 
we  arc  <tepnvcd  of  these  standards  of  comparison.  Hence,  ou 
ihiphoarti,  the  continued  departure  of  the  otyeets  in  our  vicinity 
from  the  perpendicular  line,  destroying  the  ordinary  means  of 
ixiiupariwons,  we  siilfer  from  nm'SicIoiess.  The  discomforts  of  this 
condition  may  often  be  avoided  by  lying  flat  on  the  back,  and 

I  keeping  the  eyes  tightly  closed.  Sea-sickness  is  also  in  part  due 
to  irregular  jiressuru  upon  Uie  internal  organs  produced  by  the 
motion,  etperially  is  this  the  case  with  the  brain. 
S6.  The  Balance. — Of  balances  there  are  numerous  forms. 
The  ordiuar}'  balance  consists  of  a  rod  of  metal  called  the  beam. 
Tliia  should  l>e  as  nearly  inflexible  aa  possible.  It  is  mounted 
M  a  lever  of  the  first  class,  the  fulcrum  neing  a  triangular  prism 
pwaixig  through  the  beam,  and  so  adjusted  that  it  rests  ou  one  of 
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its  edges.    Thiii  is  commonly  called   tbe  knife-edge  or  vm 
of  support. 

The  axis,  in  tbe  finer  kinds  of  balance,  is  supported  on 
|)o1iflbcd  j>laies  of  agate  to  enable  it  to  move  with  the  Iea«t  frio 
tioR  possible.      Imiucdiattily  beneath   the   kaife^dge  a  luag 

Fio.  Q. 


o. 
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OMMadbalue*. 

needle  is  attached  to  the  beam.  It  projects  downwards,  and  bv 
its  osirillatinns  over  a  graduated  arc,  enables  u«  to  racoRure  wldi 
exactiie(<8  the  mnvcmuiits  aiul  position  of  the  beam. 

From  the  extreniilios  of  ihe  beam  the  pans  are  au^ponded. 
In  the  liner  kinds  Ibt-  tnetho*]  minptcd  i8  by  knife-edges  attached 
to  the  beam;  on  these  agate  surfiices  rest  which  sustain  the  panB 
by  irieaiis  of  Blender  wires  of  [liiilinum. 

When  in  h.'W},  the  objuet  which  is  to  he  weighed  is  placed  in 
one  pan;  by  its  attraction  for  tbe  earth,  tbe  pan  in  which  it 
ie  placLul  sinks.  Weights  of  known  value  are  then  placed  in  the 
opposite  pan  until  tlie  attraction  of  the  earth  for  the  object 
is  overcome,  anJ  the  beam  of  the  balance  aseumesibe  borlzoutal 
position,  or  is  tMjuipoiacil.  as  is  shown  by  the  point  of  the 
attached  needle  oscillating  to  equal  extents  on  the  opposite  sides 
of  the  zcix)  of  its  scole. 

37.  Weights  and  Wftighing. — The  most  convenient  weights 
to  be  used  in  all  niedii-al  nr  phyftiolog'leal  investigations  arc 
the  Fi-ench.  They  po^ftesB  the  great  advantage,  first,  of  being 
decimal,  and,  second,  Ihcy  give  the  means  of  converting  weight 
into  volume,  since  the  culn'i'  cniUmetre  of  disUlletl  water  at  4"  C 
wdghs  exactlj/  one  fframme,  wAi'cA  is  the  unit  of  weight. 
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addition  to  the  iiHtinl  wciglits  to  be  j>laced  in  the  pan 
of  tlie  balance,  there  is  a  sliiling  weight,  calltfd  (lie  rider,  xvlii<-h 
ifl  placed  on  the  heiim  ol"  the  biilam-e,  and  which  m»y  he  moved 
by  means  of  a.  sliding  rod  which  uusbcs  through  the  right  eide  of 
tbo  ca6«  of  the  iustrumont.  Tho  beam  bears  a  graduation  of  teu 
I  parts;  according  ha  the  rider  is  placed  on  one  or  the  otlier  of 
Nbiiise,  it  meusuretj  one  or  mora  tenths  of  its  own  weight,  which  U 
(lAtinlly  otio  inilligruninie. 

It  \s  well  tilways  to  use  the  e»me  pan  of  the  balance  for  the 
weights.  The  moat  convenient  for  the  majority  of  persons 
will  be  the  right-hand  pan  as  one  sits  facing  the  balance.  The 
uliding  rod  al^o  ts  ou  this  side.  Substances  to  be  weighed 
»honlcl  never  ho  placed  directiv  in  the  pan  of  the  balance,  but  a 
few  thill  wnteb-glaj*seji  slionid  he  ^irocnrod.  These  shonld  be 
iKitnbered  bv  diamond  seratche^^  on  the  glares,  and  the  weight  of 
each  deterni  hied  and  reeoi'ded,  ur  a  counterpoise  maybe  made 
for  each.  Either  of  these  devices  will  save  loss  of  time  in 
weighing  tho  watch-glass  each  time  it  \»  used. 

When  a  weighing  is  to  bt;  cxcculcd,  the  balance  should  bo 
tested  by  tlirowtug  it  into  action  and  eeeing  that  the  pointer 
vihniles  cfinally  on  each  side  of  the  zero  of  the  scale.  Any 
'change  in  tho  level  of  tlie  base  should  he  corrected  by  the 
I  screws  and  spirit-levels.  The  watcli-glubs  should  tlmu  be  lusted 
i^lo  see  it  has  not.  lost  anv  of  its  weight  by  accider)t.  The  flub- 
)ce  is  then  placed  in  the  watch-glass,  and  if  a  counterpoise  is 
'  the  weight  is  obtained  at  once.  If  only  the  weight  of  the 
[^atch-glass  is  known,  this  ia  to  be  subtracted  from  the  total 
[Weight  of  the  substance  and  tbc  glass,  when  the  weight  of  the 
(lulMtunco  alone  is  obtained. 

The  weights  should  not  be  touched  with  the  fingers,  but  the 

pincers  in  tho  weigbt-hox  should  bo  used.     To  avoid  error  in 

.reading  the  wcight^s,  they  should  be  removed  from  the  pan  and 

Jplaced  in  their  order  of  value,  either  on  the  biise  of  the  balance 

Ipr  on  the  table,  and  counted  up  in  that  position  before  they  are 

[replaced  in  (he  weiKht-l>ox.     To  the  weight  so  obtained^  the 

[weight  indicated  by  the  rider  shouhl  be  addetl  it'  it  has  been  used. 

Hygronietrii-  boiltoK,  or  snhslan<'Cf'  that  absorb  moisture  tW»m 

je  air,  sh<mld  be  placed  in  a  watch-glass,  the  edges  of  which 

ground  tine  and  tit  cImmuIv.  air  tight,  to  a  flat  ground-glass 

ftr  or  to  another  watch-glass.      The  watch-glass  and    its 

[contents  should  be  placed  in  a  hot-air  box,  and  dried  at  100°C. 

When  it  ia  judged  that  the  cxpo3ure  has  been  sufficient,  the 

cliainbcr  should  be  o|>eued,  the  watch-glass  (piickly  covered  and 

allowed  to  cool  over  snlpburie  acid  in  the  drying  apparatus.     It 

i»  then  to  be  weighed  and  the  weight  recorded.      The  wntch- 

[losa  ifl  then  uncovered  and  again  expose<l  in  tho  ovun,  twenty 

linutoH  or  so;   it  is  then  fjuickly  recovered,  cooled,  and  n*- 
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weighed.  If  the  weight  is  the  same  as  before,  it  is  correct. 
If  it  has  diminished,  the  operation  of  heating  must  be  repeated 
until  the  substance  ceases  to  lose  weight. 

In  a  few  cases  where  heat  is  inadmissible,  the  drying  must  be 
done  over  sulphuric  acid,  with  or  without  a  vacuum.  Light 
testtubes  closed  by  rubber  stoppers  are  used  sometimes  in  place 
of  watch-glasses  with  covers. 

38.  Essentials  in  a  Oood  Balance. — 1st.  The  distances  from  the 
edge  of  suspension  ot  the  beam,  to  the  edges  of  support  of  the 
pans  on  each  side,  should  be  exactly  equal. 

2d.  When  the  pans  are  empty,  the  needle  should  point  to  the 
zero  of  its  scale.  The  long  axis  of  the  beam  is  then  in  the  hori- 
zontal position. 

3d.  When  the  beam  is  horizontal,  its  centre  of  gravity  (34) 
should  be  vertically  beneath  the  knifc-cdgc  of  the  fulcrum. 

The  sensitiveness  of  the  balance,  or  its  power  to  determine 
very  small  weights,  or  very  small  ditferences  between  two 
weights,  depends  upon  three  conditions: 

1st.  The  longer  the  beam,  the  greater  the  delicacy  of  the 
balance,  the  length  being  measured  between  the  points  of  sus- 
pension of  the  pans. 

2d.  The  weight  uf  the  beam  should  be  as  small  as  is  con- 
sistent with  rigidity. 

3d.  The  centre  of  gravity  of  the  beam  should  be  as  near  as 
possible  to  the  edge  of  support  and  beneath  it. 

A  good  physical  or  chemical  balance,  when  charged  with  1000 
grammes,  or  a  kilogramme,  in  each  pan,  should  indicate  a  dif- 
ference of  less  than  Yi)>y>i  ^^'  ^  gramme,  or  a  milligramme, 
between  the  contents  of  its  pans. 

39.  Method  of  Double  Weighing. — Though  a  balance  is  not 
quite  accurate,  it  may  nevertheless  be  used  for  the  exact  deter- 
miTiation  of  the  weight  of  a  substance  by  the  above  named 
device.  The  operation  consists  in  putting  the  object  in  one  pan, 
and  then  counterpoising  it  with  shot  and  tinfoil  in  the  opposite 
pan.  The  object  is  then  removed  from  its  pan  and  weights 
placed  therein  until  the  exact  weight  of  the  counterpoise  is  de- 
termined. This  weight  represents  the  weight  of  the  object, 
since  both  it  and  the  object  have  balanced  the  counterpoise,  and 
are,  therefore,  equal. 

40.  Density  or  Specific  Gravity. — A  cubic  inch  of  lead  is  almost 
forty  times  as  heavy  as  a  cubic  inch  of  cork.  As  a  rule,  solids  are 
heavier  than  liquids.  To  this  there  are  uotal)le  exceptions. 
Organic  and  organized  bodies  genevaliy  float  on  the  standard 
liquid,  water.     The  metals  potassium,  sodium,  and  lithium,  are 
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lUo  lipliter  than  water,  litliluni  being  but  Utile  more  than  half 
avy  UE  that  fluid.     Mt-Evury,  on  the  contniry.  prt-sentp  us 
with  a  liquid  form,  on  which  nil  rocks  and  nearly  all  metals  float. 

I  Iron  drlliti  on  \U  surt'ac-c  as  readily  as  wood  does  ou  the  surlace 
of  water. 
A  vcrj-  good  definition  ofdatsity  or  specific  ffraiitj/  is  that  it  repre- 
waits  the  weight  of  a  giten  vuliane  of  a  body  eompan'il  with  that  of  an 
tguat  volume  uf  sanu  other  substance^  takm  us  a  standard.  la  the 
CII8U  of  aoVuU  and  liquids,  water  is  the  etuiidard.  W  to  it  the 
value  1  is  ^veti,  then  the  Bpecifiu  gravity  of  ])tatinuni,  which  ia 

Ikbout  twenty -two  times  ae  heavy,  Incomes  22.  In  like  manner, 
Uie  unit  of  RjHicitic  gravity  for  ga&cn  and  vaporB  i«  either  uir  or 
hydrogen . 

41.  HahiXity.— Mohilih/  is  thai  property  of  matter  bi/  virtue  of  which 
Jts  position  muy  U  changed.. 

Motion  and  rest  may  be  either  absolute  or  relative.  They  are 
kbeoluto  when  the  chauge  or  lixity  of  the  poaitioti  of  a  body  ia 
'referred  to  ideal  tixed  points  in  space.  They  are  relative  wbeu 
referred  to  Rurrounding  l>oiiiefi.  A  passenger  on  a  cteainer  may 
be  relatively  at  rest  ns  regards  the  boat  and  the  objects  thereon, 
but  he  is  in  a  ittate  of  relative  motion  as  rejpirds  the  hanks  of 

•  the  river.  These,  in  their  Turn,  may  be  relatively  at  rest  as 
regards  the  earth  itself,  but  in  motion  when  considered  in  rela- 
tion to  other  planel.'i  and  stars.  For  practical  purposes  wc  may, 
tburcfore,  say,  that  iibHolute  rest  and  motion  are  unknown,  we 
deal  with  rest  and  motion  oTily  in  their  relative  state. 

■  42.  luertit. — By  this  me  understand  that  matter  cannot  of  itsitf 
^Uhni/i?  its  condition  either  of  rest  or  motion.  If  at  rest,  it  remains 
^^^^ntil  some  force  acta  upon  it  to  produce  movement.  If  in 
^nnotion,  it  continues  to  move  until  eome  force  causes  the  move- 
Vmeiit  to  ccaae. 

When  we  release  our  grasp  on  any  object  it  falls  to  the  earth. 

^The  movement  is  not  by  virtue  of  any  inherent  propci-ty  of  the 

Btubstahce,  hut  bccansc  it  is  acted  upon  by  the  force  of  gravity. 

A  rifle-bullet  finally  comes  tr>  rest,  not  by  virtue  of  its  own 

powers,  but  on  account  of  the  resistance  of  the  air  and  other 

PcaUAea.  If  there  were  no  such  tronntcracting  forces,  it  would 
continue  to  move  forwaitl  at  the  same  rate  forever. 

Kxamploa  »f  inertia  of  motion  are  offered  by  a  careless  do- 
tcent  from  a  moving  vehicle:  our  feet  strike  the  ground  and 
cvue  to  move,  wiiilo  the  movement  of  the  upper  part  of  the 
bodv  continues,  and  we  arc  thrown  prostrate.  Tlie  fearful  acoi- 
(lenta  on  raiiwavs  arc  due  to  this  cause.  The  motion  of  thu 
engitie  being  auildenly  cliecked,  the  cars  continue  their  mlvance. 
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and  are  shattered  by  the  force  with  which  they  are  driven  into 
each  other. 

The  following  simple  experiments  on  inertia  of  rest  are  not 
without  interest.  If  we  place  a  card  upon  a  goblet,  and  then 
rest  a  coin  upon  the  card,  we  may,  by  a  sudden  fillip  of  the 
finger,  cause  the  card  to  glide  off  the  tumbler.  The  coin  does 
not  paee  with  it,  but,  detained  by  ita  inertia,  drops  into  the 
vessel,  drawn  down  by  ^gravitation.  Gentle  pressure  against  a 
suspended  sheet  of  glass  will  cause  it  to  move,  w^hile  if  a  pistol 
be  tired  at  it  from  a  sufficient  distance  the  bullet  passes  through 
the  glass  without  producing  the  slightest  change  of  position  in 
the  latter. 

43.  Porosity. — The  interstices  or  spaces  between  the  parts  of 
a  substance  are  of  two  kinds.  Ist.  Physical  pores^  which  exist 
between  the  molecules,  and  are  so  minute  that  the  molecular 
forces  of  attraction  or  repulsion  act  across  them.  2d.  SeimbU 
pores,  cells  or  cavities  across  which  these  forces  cannot  act,  on 
account  of  their  magnitude.  The  etfecta  of  temperature  in 
causing  variations  in  the  size  of  bodies  are  possible  by  virtue  of 
the  existence  of  physical  pores  or  interstices  (19,  20).  In  or- 
ganic substances  the  sensible  pores  are  of  especial  importance, 
since  they  permit  the  functions  of  absorption,  exhalation,  and 
circulation. 

The  existence  of  sensible  pores  in  organic  bodies  may  be 
illustrated  by  placing  them  in  a  vessel  ot  water  under  an  air- 
pump  bell,  Au  apple  or  a  potato  thus  treated  yields  up  innu- 
merable bubbles  of  air  or  gas,  which  escape  from  the  cells  or 
pores  of  the  fruit  or  tuber.  If  the  weight  of  the  object  of  the 
experiment  be  taken  before  and  after  exhaustion,  the  increase 
in  weight  will  show  the  extent  or  volume  of  the  pores,  since  it 
represents  the  quantity  of  water  which  has  replaced  the  air  con- 
tained in  them. 

In  sponge,  and  in  pumice,  the  sensible  pores  are  of  consider- 
able size  and  easily  visible.  In  metals,  on  the  contrary,  they 
are  very  minute.  Gold,  for  example,  was  shown  by  the  Flor- 
entine academicians  to  possess  pores,  in  the  following  way : 
They  were  attempting  to  determine  the  compressibility  of 
water.  For  this  purpose  the  fluid  had  been  enclosed  in  a 
sphere  of  gold,  which  was  hermetically  sealed.  The  sphere 
was  then  euljmitted  to  pressure;  any  change  in  shape  they  knew 
would  be  attended  by  diminution  in  its  capacity.  Their  surprise 
may  be  imagined  when,  on  applying  the  force,  minute  globules 
of  water  were  seen  to  ooze  from  the  metal,  and  cover  its  surface 
with  dewy  drops.  As  is  so  often  the  case,  the  experiment,  insti- 
tuted to  determine  one  fact,  resulted  in  the  unexpected  estab- 
lishment of  another  and  totally  diflercnt  one.     The  same  ex- 
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perimeDt  lias  since  been  repeated  with  globes  of  other  metals, 
ami  tlie  existence  of  miuutu  eonsible  poree  dcmonatratml. 

Among  tlic  prflctical  applications  of  sensible  pores,  u-c  raay 
nuMilion  tbe  procef»«  of  iiltrutiou  tbroui;b  Jelt,  paper,  charcoal, 
and  stoue,  so  commotilv  (employed  for  the  ininfication  of  water. 
The  opeuinc  of  seaniR  in  rocks,  by  introducing  tiry  wedges  oi 
wood  and  then  wutting  them,  when  they  eitpauu  with  great 
"oree,  furnishes  another  example  of  the  existence  of  pore*. 


^ 


44.  Compresaibility  is  a  direct  cou8c<iucnce  and  dcmoustrution 
f  jLwroBity. 

Tlie  most  compressible  bodies  arc  gases,  some  of  which  may 

be  forced  to  diminish  to  one  bnndrcdtn  of  tbe  bulk  they  present 

at    ordinary'   tetupcTalures   and    preifijures.      Tu  this    there    is, 

however,  a  limit  in  every  eaae.  for  under  sufficient  pressure  and 

ediiftioii  of  tcmpeniturc,  gasen  assume  the  liijiiid  state. 

Solids  in  many  cases  are  compresaible  lo  a  moderate  extent. 
Thia  is  best  shown  by  organic  substances,  as  wood  and  paper. 
Metals  also,  when  submitted  to  tbe  pressure  of  the  die  in  coin- 


inK",  or  when  hunimered,  undergo  an  inci-oaao  in  specific  gravity, 


^twhiob  can  only  bo  explained  by  the  diminution  in  the  aixe  of 
^Vtheir  pores,  and  consLMpient  ditniiiulioii  in  volume. 

In  the  case  of  liquids  the  conipresi^ibility  is  the  least  for  small 
pressures,  and  was  for  a  long  time  denied.  It  liowever  exists, 
OS  will  be  shown  when  we  study  tbe  properties  of  this  form  of 
matter. 


I 
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40.  Elasticity   is  the  projmriy  hy  which  certain  bodies  reassmru 
fhn'r  original  volume  or  form^  tchen  the  /on-e  (hat  hiS  produced 
hmige  is  mnoved. 

Giutea  and  liquids  are  endowed  witli  thi.'«  property,  as  regards 
volume,  to  a  remarkable  degree.  They  Diuy  indeed  be  said  to  bo 
iibsolutely  elastic  (163).  Solids,  as  we  have  seen,  are  very  gen- 
erally comi»ressible,  but  a  few,  like  ivory,  possess  a  certain 
degr»-o  of  elasticity.  The  elasticity  of  solids  is  rather  that  of 
form  tlian  of  volnme,  and  belongs  to  the  eonsidcratton  of  the 
propcrtieit  of  this  special  kind  of  matter  (67). 

46.  DirUibiUty,  we  have  already  dealt  with  in  the  examina- 
tion of  the  structure  of  matter  (22),  to  which  the  reader  ia 
_nfei'red. 


SECTION  II. 
SOLID    MATTER. 


CHAPTER    IV. 

GENEKAL    CHARACTERS  OF  SOLIDS. 

The  physical  forms  of  ni a ttor— Chemical  diviaiom  of  matter — Form  is  fixed— 
Resist  compression — Extent  of  volume  variation — Density — Hydrostatic 
bHlnnce— Specific  yravity  by  volumetric  method — Xicholson's  hydrometer- 
Specific  gravity  of  powders — Specific  gravity  of  bodies  soluble  in  water 
— Bodies  lighter  than  water — Table  of  specific  gravities — A  divided  solid 
does  not  reunite. 

47.  The  Phyflical  FonoB  of  Matter. — Physicists  classify  matter 
under  three  typical  forms:  Ist,  Solid;  2d,  Liquid;  3d,  Gas. 
Some  add  a  4th,  Radiant  or  ultra  gaseous. 

It  !B  to  be  understood  that  by  proper  means  these  forms  may 
be  transmuted  one  into  another.  The  terms  are  applicable 
to  each  substance  only  under  the  ordinary  conditions  of  tem- 
perature and  pressure. 

The  demarcations  between  these  forms  are  not  always  clean 
cut.  Certain  liquids,  for  example,  pass  through  an  intermediate 
or  pasty  condition  before  they  become  solid;  othera  are  gela- 
tinous, others  viscous. 

Intermediate  between  liquids  and  gases,  we  find  a  group 
of  bodies  called  vapors,  which  closely  resemble  gases,  except 
that  they  are  easily  convertible  into  liquids.  In  all  probability 
there  is  a  continued  gradation,  from  tlie  densest  solid  to  the 
most  rarefied  form  of  gaseous  matter. 

48.  The  Chemical  DiTiaionB  of  Matter. — These  are  three  in 
number:  Ist,  Inorganic  bodies;  2d,  Organic;  and,  3d,  Organ- 
ized. A  knowledge  of  the  general  characters  of  these  groups 
is  necessary  for  the  proper  comprehension  of  our  subject. 

The  inorganic  group  includes  all  the  ordinary  objects  on 
the  globe  which  have  not  been  dependent  upon  life  action  in 
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plitntR  or  animals  for  their  protluctioo.     Minerals  of  all  kinds, 

fd  ores,  water,  and  air,  arv  typical  examples  of  tliis  division. 
Ttain  btMliet;,  as  itiarlile,  chafk,  graphite,  have  been  prodnced 
rough  the  intervention  of  lifu  action,  yet  tliny  are  truly  inor- 
ganic Bubstanccs;  others,  on  the  contrary,  like  bitiiiiiiuoiiti  coal, 
niav  bf  grouped  with  organic  suhstaiices,  since,  on  being dintilled, 
Uiey  yiL-ld  oily  bodice  which  are  organic  in  their  nature.  The 
tj'pe  of  visible  atructurL'  anionu;  irior^nic  bodies  ia  tlie  erysiiil- 
|iDe,  many  are  non-crydt^tlitie  or  amorphous,  while  a  few,  like 
luglit  iron,  are  tibroiiH. 

Organic  and  organized  hiHlios  are  all  compounds  of  carbon. 

^o  ab«(ilnle  is  thi»  fact  that  their  study  is  oileii  spoken  of  us  the 

tiidv  of  the  carbon  compounds.    Ncvt  to  carbon  are  preeent, 

k}-drogen,  oxygen  and  nitrogen,  the  order  of  Irequency  being  tho 

uce  as  that  in  which  they  are  mentioned.     Alt  sub^tancoa  of 

IPBO  proups  arc  decompoRcd  by  a  heat  lew*  than  1000"  F.     If 

leateu  in  vessels  to  which  air  does  not  gain  freo  access,  a  black 

iidue  of  (diiircoal  or  carbon  ib  lell,  which  may  be  entirely 

>uriied  away  in  a  current  of  air. 

Orgamv  diUer  from  orgatuzed  bodiefl  in  that  they  are  gener- 
ally crystalline  in  structure.     Though  commonly  the  product  of 
life  uciion^.  (/,,  sugar — many  of  tbeni  have  been  made  in  the 
labtinitory  by  the   union  (»f  the  elcnient«  thcmBeive»!,  without 
.   the  intcr%*cntioii  of  any  life  action.     Acetylinc,  tor  example,  it* 
^torodueed   by   Lhu   |>aKKage  of  the  electric  arc  between  poles  oi 
Bure  carbon  in  an  atmosphere  of  pure  liydrogen.     From  acety- 
Hne  alcohol  may  be  made,  and  from  alcohol  Tatty  bodies  which 
Kn^  truly  organic  in  their  nature.     Every  day  adds  to  the  liet  of 
fbrfctinie    bodies   produced    by    purely  chemical    ]>roce8scs,   and 
iloiihtk'i^H  tlie  majority  of  thotjc  substuncca  will  in  time  ho  pro- 
irt^l  urtilicially. 

Orgimized  bodies,  on  the  contrary,  have  never  yet  been  pro- 

lueed  by  pnieesH  into  which  lile  action  does  not  entur,  una  we 

aiay  tyifely  .tay  that  they  never  will  be.    They  differ  from  simple 

tuic  bodies,  in  that  their  structure  always  shows  the  prcs- 

uither  of  the  cell  or  of  the  tihre.     They  are  not  cr^'stailine, 

icmgh  they  may  enclose  crystals  of  organic  or  inorganic  bodies. 

49.  The  Form  of  Solids  is  Fixed. — True  solids  have  a  perma- 
leut  and  independent  ibrm.     In  this  respect  they  difl'er  essen- 
tiully  from  liiiuids  and  ga^es,  which  take  tlie  form  of  the  vessel  In 
.'hich  they  ai-e  placed.     In  certain  resinous  bodies  this  quality 
]tOisses.MHl  only  in  a  low  degree,  these  substances  slowly  chang- 
ing their  form  in  the  lapse  of  time.     Among  tho  true  solids 
'lome  show  more  or  less  oi  plasticity;  for  example,  ice.     It  is 
tliu  pottsettsion  of  tliia  character  which  enables  a  glacier  to  follow 
tfau  carvoa  and  windings  of  the  valley  through  which  it  descends. 
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Prof.  Tyudall  attributes  the  plasticity  in  this  case  to  alternate 
fusions  and  freezings  of  the  ice,  to  which  he  has  given  the 
narae  of  regelation. 

50.  Besiat  CompieBsion. — True  solids  resist  any  ordinary  force 
of  compression  to  which  they  may  be  subjected.  While  some 
possess  this  power  to  only  a  slight  degree,  others  possess  it  to  a 
remarkable  extent.  All  at  last,  however,  reach  their  limit  of 
resistance.  Some,  like  quartz  and  glass,  are  crushed,  while 
others,  as  the  metals,  undergo  an  actual  diminution  in  bulk. 

fil.  Extent  of  Volume  Variations. — While  changes  of  tempera- 
ture and  of  pressure  produce  variations  in  the  volume  of  a  solid, 
these  are  exceedingly  minute,  compared  with  similar  changes 
in  liquids  and  gases.  Of  this  fact  we  have  seen  an  example  in 
the  case  of  the  experiment  (19),  in  which  very  delicate  means 
were  required  to  determine  the  expansion  of  the  mass  of  metal. 

52-  Density  of  Solids. — To  obtain  the  specific  gravity-  of  a  solid, 
as  urinary  or  biliary  calculi  or  a  urinary  sediment,  we  must 
know  its  weight  in  air,  and  the  weight  of  an  equal  volume  of 
water.  The  firtit  is  then  divided  l>y  the  set'ond,  when  the  quotient  is 
the  specific  gravity. 

The  conditions  under  which  the  determinations  of  specific 
gravity  are  to  be  made  vary  as  follows : 

1.  iSolids  heavier  than  water  and  insoluble  therein. 

2.  Powders  heavier  than  water  and  insoluble  therein. 

3.  Solids  heavier  than  watci-  and  soluble  therein. 

4.  Solids  lighter  than  water  and  insoluble  therein. 
6.  Solids  lighter  than  water  and  soluble  therein. 

Uy  the  prindple  of  Archimedes,  a  body  immersed  in  water  dis- 
places its  own  volume  of  tliat  liquid,  and  at  the  same  time  loses 
a  part  of  its  weight  equal  to  the  same  bulk  of  water.  Our 
object  being  to  determine  the  weight  of  a  volume 
of  water  equal  to  the  bulk  of  the  substance,  we 
may,  by  applying  the  principle  stated  above, 
obtain  it  at  once  by  weighing  the  body  in  water, 
when  the  loss  of  weight  will  be  the  weight  of 
an  equal  volume  of  water.  This  is  the  ordinary 
process,  and  is  called  the  method  by  the  hydro- 
static balance. 

^^  53.  The  Hydrostatic  Balance. — The  application 

njrtw«»ttc'i^acc,      ^^  this  process  to  the  first  condition  given  above  is 

as  follows :  The  object  (D)  is  suspended  by  a  fine 

fibre  (C)  to  one  arm  (A)  of  a  balance.     Weights  are  placed  in  the 

opposite  pan.    The  weight  in  air  is  thus  obtained :   A  vessel 
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wfttor  (E)  is  tlioii  plnoed  bem-ntli  tlu-  snspontiod  object,  and 
litMiU  until  t}ie  uhjcut  is  L-oiiiplctt-ly  iiiiiiiL*r»ed  in  tlie  fluid. 
*he  weight  in  aifain  determined;  it  is  the  weight  iti  wnter.  The 
-eight  in  water  bein^  subtmcted  from  the  weight  in  air,  we 
mve  tht>  weijiht  of  aliulk  of  water  equal  to  that  of  the  object, 
"»r  example: 

WviKht  ill  ulr  =  10 

WalithL  In  wauir  »  8 

LoMoTvrHgbt  In  water    =    2  U  wHght  of  equal  biilkoF  wAlw. 

Thtn  hy  (52), 

Wvigtit  ufvqual  bulk,  watur^y  H'  =  wetElil  in  ulr 

fi  -^apcciflc  gravity. 

84.  Specific  Qravity  by  Tolnnetric  Method. — A  second  method 

[for  I'btainiiiji  the  specific  j,'r;ivit_v  unifrr  thftir.ff  fOjnUtiou  is  that  by 

mJ'f"!*-.     It   is   Well    adapted    to  many   medical    piirposefl,    and 

[though   not   BO  aci^ui-ate  «;*    the  prei-cding,  gives   proxiinative 

LiHuha  that  are  sufficiently  exact  for  ordinary  use. 

The  apparatus  to  be  employed  conttifit^  of  u  tube  gradnated  to 

Bubiu  ountitnetrott.     This  is  partially  filled  with  distilled  water, 

fcHt-h  division  of  the  sealo  then  represttnt*'  nne  gramme  of  water. 

The  Holid  to  be  examined  mwy  be  cither  in  mass  or  in  ttmall 

fragment!!.     \\f.  weight  in  air  in  grammes  is  tirst  obtained.    It  is 

ten  dropped  into  tJie  liijttid  in  the  tube  ami  all  hubblei'  of  air 

|rMuoved  from  it«  Aurface.     The  amount  of  %vater  displaced  is 

i«bown  by  the  rise  of  the  fluid  on  the  Reale.    This  is  rewi  ofi",  and 

lgiv«ii  at  once  the  weight  in  gninimes  of  n  *-olume 

tof  vr&ter  ociual  tx)  that  of   the   ttubstanue.     The  Fio.  7. 

fweiffht  of  the  hmly  in  air  and  that  of  an  equal 

Irolunie    of    water   being    kiiowti,    tlie    speoifie 

gravity  ia  obtained  by  the  usual  ealcnla(t<m. 

SS.  KioholsoD'fl  Hydrometer. — Another   method 

;  for  llu-  determination  of  f^pL-eitii-  gravity  of  flolids, 

lift  by  rneatiH  of  NtoholHon'o  liydronieter. 

I'liiH  instrument  cunniatK  of  a  hollow  metallie 
float  A  whieh  bearo  a  weight-pan  above  at  B,  and 
another  below  at  C.  The  apparatus  is  placed  in 
water,  and  weights  mlded  to  the  up[.H;r  pan  It  to 

'•ink  the  eylindertoa  mark  on  its  stem.  Let  this 
be  120  gniinj'.  tt  is  removed  and  a  mass  of  the 
•ubstance  less  than  120  grains  in  weight  placed 
thereon.  WcighlH  are  then  added  until  tlie  water 
touches  the  mark  on  the  stem  of  the  apparatus.     Suppose  20 

""-la  have  been  added,  this  subtracted  from  120  grains  given  the 
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weight  of  the  body  as  100  grains,  which  is  the  weight  of  the  body 
in  air.  The  substance  is  now  transferred  to  the  lower  pan  C.  The 
cylinder  does  not  sink  as  deeply  in  the  water  as  before.  More 
weight  must  be  placed  in  the  upper  pan  to  bring  the  mark  to  the 
lev^  of  the  water.  Suppose  the  weight  now  added  to  the  upper 
pan  is  50  grains,  this  represents  the  weight  of  the  water  displaced 
by  the  object.  Then  dividing  100,  the  weight  in  air,  by  50,  the 
weight  of  equal  volume  of  water,  we  have  the  specific  gravity. 
It  the  body  ie  lighter  than  water,  it  is  confined  to  the  lower 
pan  by  a  wire  cage. 

66.  Specific  Gravity  of  Powders. — In  the  second  condition,  of 

poicders  heavier  than  water  and  insoluble  therein^  the  method  is  as 

follows;  A  specific  gravity  flask  (A)  with  a  wide 

Fia.  8.  mouth  is  to  be  used.     The  stopper  is  perforated 

and  gives  passage  to  a  narrow  tube  which  expands 

above  into  a  larger  one.     A  counterpoise  for  the 

flask  should  be  made  and  kept  in  the  opposite 

pan  throughout  the  operation.     The  flask  should 

always  be  filled  to  a  certain  mark  (B)  when  a  liquid 

V  A      is  used.     The  excess  of  fluid  which  rises  into  the 

\^      upper  tube  above  this  point  should  be  removed 

"i\     by  blotting  paper.     The  steps  of  the  operation 

.?,      are  as  follows : 

^^  1st.  Tlie  quantity  of  distilled  water  at  4*^  C. 

„    ,„  ""^TT       the  counterpoised  flask  will  hold  when  the  per- 

iiH»k.  loratou  stopper  is  in  position  and  nlled  to  the 

mark  is  determined. 

2d.  The  flask  is  carefully  dried,  some  of  the   dry   powder 

is  introduced,  the  stopper  placed  in  position,  and  the  weight  of 

the  powder  introduced  determined. 

3a.  The  weight  of  the  water  the  flask  will  hold  and  the 
weight  of  the  powder  are  added  together.     Let  this  bo  w. 

4th.  The  flask  containing  the  powder  ia  then  half  filled  with 
water,  placed  under  an  air-pump  bell  and  exhausted.  The  en- 
trapped air  is  thus  removed,  the  powder  is  allowed  to  settle,  the 
flask  is  filled  completely,  the  stopper  introduced,  excess  of  fluid 
above  B  removed,  and  the  weight  determined.    Let  tliis  be  r. 

The  weight  v  is  then  subtracted  from  the  weight  w,  the  result 
represents  the  weight  of  the  water  the  powder  has  displaced. 
The  weight  of  the  powder  and  the  weight  of  an  equal  volume  of 
water  being  known,  the  specific  gravity  is  calculated  as  before. 
This  method  is  employed  in  the  detcrniination  of  specific  gravity 
of  uric  acid  and  other  insoluble  sediments. 

57.  Specific  Gravity  of  Bodies  Soluble  in  Water. — To  meet  the  third 
condition,  in  which  the  body  is  soluble  in  water,  some  other  fluid,  as 
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oil  of  tuntciitiiic,  or  iingihrhn,  in  wliirli  it  !«  iiirtoliihlo  ig  enbfiti- 
tutod.  Tne  correct  apccitic  jijravity  i«  tlien  nlitnincd  by  mnlti- 
plyin^  tbe  number  Ibund  by  tbu  tt[>ecitlc  gravity  of  tht;  fluid 
UM!<1  in  the  Gxpuriniont.  A]l  the  preceding  Htti[\a  are  conducted 
u  befora. 

A9-  Bodies  tighter  thaa  Water. — For  the  fourth  condition,  bodif 
Ugkltr  than  fcaier,  hut  hiyoh/hU;  llic  Rtcps  arc  as  follow* : 

Ist.  Ascertain  weight  of  Kub.stJincc,  is  A. 

2d.  Determine  weiubt  in  water  of  a  piece  of  lead  heavy 
enough  to  sink  it,  \»  B, 

3d.  Attach  light  body  to  the  piece  of  lead  and  determine  the 
conjoinod  weight  in  water,  is  C. 

4lli.   Deduct  C'froin  B  and  add  A,  this  18  D. 

5th.  Divide  A  hv  D,  and  the  result  is  the  specific  gravity  of  A. 

The  fifth  condition,  bodi/  Ufjhtf.r  than  xcatcr  aiui  soluble  therein. 
The  Rpccitic  gravity  flask  ia  to  bo  employed,  and  benzine  substi- 
tuted for  water.  The  Mtep*  are  the  «aniu  iw  before  deserilKHl  for 
the  tiafik  operation.  The  weight  of  a  bulk  of  water  equal  to 
that  of  the  disj>laced  benzine  is  obtained  by  the  following  equa- 
tion :  A»  specitic  gravity  of  bcn/aue  in  to  the  weight  of  benzine 
displaced,  so  ia  the  specitic  gravity  of  water  to  the  weight  of 
voluiue  uf  water  equivalent  to  that  of  the  body. 

Woiglitof  itubstimcoand  weight  of  equivalent  volume  of  water 
lieing  obtained,  donnity  U  calculated  as  before. 


S9.  Table  of  Specific  Gravities. 
pared  with  diHiUM  MVifr/  at  A'-  C. 

PUtinum.  nilW      .  22.M9 

I'l«timjni.™«l         .  alict; 

OoH.tiul  I'i'i^ 

I<ni<l,cMt              .  iv:r.-i 

MKvr.cut               .  10.474 

UMnulh.  OMt  .  0.S22 

Otrppor,  dmwD  win  R.AT8 

Copiwr,  cnH  S,78* 

German  eilvor.  9.4.12 

Hutl.  not  lutiiiinured  7  **l'l 

Zfon,  bw.  7  T«s 

Ifnn,ca>t  TSi*7 

TIn.oMl.  7, •.•!»! 

Zioi--,  tut  fi  8'U 

Aniinwrny,  c**t  "i  712 

IrHlIn*      '.  4'J.iO 

HmvT-iMi  4  Kii 
OUrn'ondf.       .     SWl-T.Wl 

Flint  k'w*  ^  rsv 

HUHiarv  niBrWp  ■_' S37 

AlumiriiuTii     .  'J  '1>*<1 

ItockfTiiUl    .  :jti<vt 

8l.  (Mnn  ^U»  2  I8S 


— Sperific  gravii}/  of  sottets  as  com- 


China  porcclaio  .  2.SS& 

Scvrrv  poro-Uii)  2  H'J 

XfttivM  Mil|»l)ur  .  20S3 

Boup  .  2.010 

Ivorr  .  tflIT 

AntfimciU  .  I.mo 

CoUpuctcMil     .  I.A29 

MiiM-1*  .  l.rtM 

AnilK-T      .  .  1.078 

Hufl  orKuna  of  hody  .  1.050 

llnttn        .  .  1  (HO 

Audlum              .  .  ai»70 

Lun^  with  Air  .  .  OMO 

Molllni;  ice  .  O.^m 

F«t   .        .  .  0.920 

Solid  iM    .  .  0.1)17 

Potiuaiuni  .  OMh 

Beech        .  .  n.8o2 

0»k  .        .        ,  .  0  S4fi 

Kim  .  .  asoo 

Yt'lltiw  pine      .  .  0.fli7 

LilMiitn     .         .  .  0  6A5 

Conimon  pnpUr  .  0  8«fl 

Curk                 .  .  11.240 
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60.  A  Divided  Solid  does  not  Kennite. — If  a  gas  or  a  liquid  be 
divided  by  any  object  passiug  through  it,  it  reunites  im- 
mediately behind  the  dividing  body.  In  solids  thia,  as  a  rule, 
is  not  the  case.  There  are,  however,  a  few  exceptions:  IIldii^ 
rubber  will  reunite  by  its  freshly  cut  surfaces.  Some  of  the 
metals  will  also  reunite  behind  a  cutting  tool  if  the}'  are  at  the 
same  time  submitted  to  very  great  compression. 


(;II  AFTER    V. 

SPKCIAL  PltOPEUTIES  OF  SOLIDS. 

Crystallized  nnd  amorphous — Hardness — Fragility — Slulleability — Ductility — Te- 
nacity—Elaslicily — Contnitlility — Elasticity  of  compression — Elasticity  of 
fleiure— Elasticity  of  torsion — Pliancy — Opacity,  transparency,  color — Build- 
ing materials — Hypoilietical  consitution  of  solids. 

61.  Crystallizable  and  Amorphous. —  The  >-ohesive  or  attractive  force 
by  which  the  molec'des  of  a  solid  are  held  in  their  place,  is  not  always 
equal  in  oil  directions  around  each  molecule,  hut  is  greatest  in  certain 
positions,  lines,  or  planes,  as  is  the  case  with  the  poles  of  a  magnet. 
Wlien  the  nioloeuies  of  such  a  body  arc  free  to  move,  they 
arrange  tliemseives  in  relation  to  tlieao  lines  or  planes,  and  pro- 
duce more  or  less  perfect  forms  called  crystals.  Substances 
which  do  not  possess  tliis  property  are  called  non-crystalline 
or  amorphous. 

Crystallization  of  a  solid  may  take  place  in  two  ways,  lat, 
From  the  fused  or  melted  body,  as  in  tlie  (.'ase  of  bismuth.  This 
is  called  crystallization  in  the  dry  way.  '!([,  PVom  a  solution  of 
the  substance  in  water  or  some  other  solvent  liciuid.  This  is 
called  the  moist  way. 

"Water  in  the  act  of  solidification  presents  a  beautiful  example 
of  crystallization.  The  moisture  whicli  on  a  colil  day  congeals 
on  tlie  pavement  or  on  windows,  presents  varied  forms,  closely 
resembling  the  leaves  and  stems  of  tbms  and  otlier  low  varie- 
ties of  vegetation.  One  can  hardly  give  these  frostings  a  pass- 
ing glance  without  suspecting  tliat  tlie  outlines  ol' inferior  plants 
are  determined  by  the  simjile  act  of  the  passage  of  water  from 
the  fluid  to  a  more  or  less  tixed  condition  of  solidity. 

Under  the  microscope  the  formation  of  crystals  of  inorganic 
and   organic   bodies   from    their  saturated   solutions,    presents 
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rwt  intt^'resting  phoiiomenii.  We  niny  in  thi«  way  detect  the 
D^Keiiue  ut'  iiuiiRTDUK  sulistaiiut;t;  {>n  ii  verv  Ttiiuulu  sc-ule.  As 
Bii  tlltii^triLtion  of  t\n»  methcMl,  wi>  may  cite  the  exaiuple  of  urea, 

tjxcci;t:iJngly  Boluble  body  with  bo  greut  au  avidity  for  water 
bat  it  will  absorb  it  from  tlte  air,  and  duliquesee  or  form  a 
nliitinn.  If  to  ft  drop  of  such  a  solution,  placed  on  a  micro- 
copo  Hlide.'we  add  a  drop  of  nitric  acid,  the  nilnite  cif  urea 
orraB.     Tliis  hoint;  hiit  littK*  soluble  in  water  ('ry»talli7j?3  otit, 

1  by  the  appyarauce  of  tbu  peculiar  tabie-like  crj-ctalH,  we 
arc  at  itnce  infurmed  of  the  presence  of  urea  in  the  liquid  under 
examination. 

The  satisfactory  demonstration  of  tlie  crystalline  structure  of 
solid  soluble  in  water  mnv  be  obtained  by  plncini;  u  portion  of 
it  in  a  saturated  solution  thereof.  Under  th«ae  condition*  the 
diti84)lutton  takes  place  very  bIowIv,  and  the  crystaU  composing 
the  btxiy  are  dissected  out  front  the  ma&n.  Cinder  tins  metltoa 
of  operation  alum  may  be  luade  to  exhibit  ita  structure  of  regu- 
lar uctabedn>ns.  Gxperiments  of  thiH  nature  show  that  the 
resistance  to  solution  is  strougei-t  along  the  crystalline  planes. 

In  like  manner,  if  wo  attempt  to  split  a  eryatulline  body  by 

means  of  a  point  or  an  edge,  as  we  would  split  wood,  wo  find 

that  it  yields  with  cunipurative  ease  along  certain  planes  which 

give  Bmooth  siirlaees  r>f  fracture,  whereas  it  cannot  be  split,  but 

only  broken  along  other  planes,  the  fracture  showing  rough  in 

lace  of  Hniuoth  c>urfaces,     Thit^  Kplilting  along  certain  planes 

n    preference   to  others  is  called  clciinge.     It  is  exhibited   in 

reater  or  lees  perfectiou  by  all  inorganic  and  organic  crystat- 

iue  bodies. 

In  the  examination  of  the  deposits  which  appear  both  ia 
[Wealthy  and  morbid  urine,  a  knowledge  of  the  crystalline  foiTQS 
jiri'spnted  by  various  normal  and  abnormal  ingredients*  of  this 
<v)inplex  lluid  aR'  of  the  utmost  importance  for  the  purpoKcn  of 
diagnosiH.  A  few  nionients  HpenI  in  the  careful  inicnwcopic 
«xnnii  nation  of  Aucb  sediments,  and  the  detection  of  certain  crys- 
lalline  forms,  will  at  once  thrt»w  a  flood  of  light  on  what  may 
otherwise  be  u  very  obscure  and  puKxIing  disease. 

The  detection  of  th'-  pre»onco  of  poisons  also  may  Ixi  greatly 
facilitated  by  a  micro^icopie  examination  of  the  crystals  obtixincd 
from  the  solulioim  atlmmi-ttered,  and  sometimes  even  of  the 
Beeretion«  and  excretions  of  the  lx>dy.  For  au  admirable  dis- 
euRsion  of  this,  the  micro-cbemifltry  of  poisons,  the  student  is 
Tflferred  to  the  excellent  work  of  Prof.  Theo.  G.  Wormley,  M.D. 

Mention  has  been  incidfntnlty  made  of  the  fact  that  certain 

organic  bodies  aasume  a  cryatalbne  form,  while  others  do  not. 

Bodies  which  are  of  the  crystulline  type,  possess  the  pi'operty 

f  passing  witli  conHideruble  facility  thrnngh  inembranons  struc- 

ros  of  various  kinds.     Those  which  do  not  crystallize,  as,  fur 
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example,  albumen,  possess  this  property  of  permeating  mem- 
branes to  a  far  less  degree.  Heuce  arises  the  division  of  bodies 
into  the  two  groups,  crystalloids  and  colloids.  This  will  be  found 
discussed  at  greater  length  in  the  article  on  dialysis. 

62.  Hardness  is  a  relative  property.  By  it  we  understand  the 
resistance  which  one  bod)/  presents  to  being  obradM,  worn,  or 
scratched  by  another.  It  is  entirely  independent  of  density. 
Pure  gold,  for  example,  is  one  of  the  heaviest  metals,  but  it  ie 
very  soft.  The  true  cause  of  hardness. appears  to  be  the  force 
with  which  the  molecules  resist  any  change  in  their  polar  or 
crystalline  arrangement. 

For  the  purposes  of  the  mineralogist,  a  scale  of  different 
degrees  of  hardness,  known  as  Mohr's  scale,  is  used.  It  consists 
of  the  following  ten  substances,  each  member  of  the  list  being 
harder  than  that  preceding  it: 

1.  Talc.  fi.  Adularia  feldspar. 

2.  Rock-ealt.  7.  Ruck-crystal. 

3.  Calc-spar,  8.  Prismatic  topaz. 

4.  Fluor-spar,  H.  Cnrundum. 
6.  Apatite.  10.  Uiamond. 

To  test  the  hardness  of  a  body,  we  determine  which  of  these 
it  will  scratch,  beginning  with  the  hardest.  If  it  is  scratched 
by  topaz,  but  scratches  quartz  or  rock-crystal,  we  say  its  hard- 
ness is  between  7  and  8. 

Alloys,  as  a  rule,  are  harder  than  the  metals  composing  them; 
therefore,  in  the  mints  gold  and  silver  are  alloyed  with  copper 
to  give  them  sufficient  hardnesa  to  resist  the  wear  and  tear  of 
circulation.  The  resulting  coin  is  far  liarder  than  either  of  the 
metals  in  the  pure  state. 

There  is  no  relation  between  tlie  hardness  of  a  body  and 
its  power  to  resist  compression.  A  blow  which  shivers  hard 
glass  is  easily  resisted  by  soft  wood.  Hardness  is  also  often 
independent  of  the  chemical  composition  of  a  body.  Carbon, 
for  example,  in  the  form  of  the  diamond  is  the  hardest  sub- 
stance known ;  in  the  form  of  graphite,  on  the  contrary,  it  is  so 
soft  that  it  is  easily  cut  by  the  thumb-nail,  atid  it  is  even  used 
as  an  antifriction  or  lubricator  for  the  journals  and  axles  of 
wheels. 

When  certain  bodies,  like  steel,  are  raised  to  a  specified  tem- 
perature and  then  suddenly  chilled,  they  are  endowed  with 
exceeding  hardness.  This  operation^  is  called  tempering.  Upon 
it  all  our  surgical  and  other  cutting  implements  of  steel  depend 
for  their  power  to  retain  their  sharpness  or  edge.  In  the  case 
of  an  alloy  of  copper  and  tin,  called  tamtam  metal,  sudden  chill- 
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me  in  water  produoes  exa<:rtly  the  0]>posi(e  effect,  the  tiUot/  being 

oil  wliuii  quifklv,  and  very  hard  when  stuwly  tooled. 

AV«  have  thus  I'nr  conMiilered  tlii;  question  of  hiirdness  in  rela- 

ttioD  to  iuorgaiiic  bodies  alone.     \V«  h«ve  seen  that  the  mirier- 

lah^^int  employs  a  sciiie  of  tnlerublc  cxtictnei<e  to  determine  tlie 

Velfttive  bardnesA  of  the  bodies  with  whieh  be  deals.     It  is  sur- 

hTisinpr  that,  wiili  this  example  hel'ore  bini,  the  jtliysiolojjiet  and 

fjiathoiogi-it  iiavc  not  yet  conrrivod  a  scale  by  wliifh  this  lUctor 

ot  thu  properties  ol'  tht;  bodivtf  tliey  uxariiiiie  mii;ht  be  expre^&ed 

with  Bume  upproaeh  to  accuracy  and  lairneBa  ot  cotnjiariaon. 

AVliile  the  nar<lne«s  of  enamel,  dentine,  bone,  and  horn,  as  in 
tbe  finger-nail,  may  be  cxpreesed  by  Mohr's  tutdc,  that  of  varions 
tisaueH  and  of  tunmrs  like  eancer.  falls  outside  of  its  limits.  A 
txblv  of  har<ine*8  constructed  on  a  scale  pre|)ared  by  a  known 

(mixture  of  reein,  wax,  and  oil  in  ten  different  proportions,  and 
Vticii  always  at  S'2?  F.,  or  in  a  mixture  of  ice  and  water,  would 
doubtleK»  give  results  regarding  tbe  burdne»tf  of  various  tissues 
And  (uniortt.  which  would  be  of  considerable  importance  from  a 
diftgiioatic  point  of  \'iew. 

63.  Fragility. —  Though  allied  to  hardtiesa,  frng!(\(y  is  distinct  iherc' 

am.     It  is  true  that,  as  a  rule,  very  bard  botlies  are  also  brittle 

Torfrn^lo.     The  molecular  conditions  that  pmduce  hardness, 

also  conduce  to  fragility.  Sudden  changes  of  temj'eratn re  are 
Ixery  apt  to  cuufv  a  8nl>s(ance  to  bcctmie  fragile.  Ulass,  lor  e.x- 
^luiiple.  if  suddenly  chilled,  iw  in  tlie  formation  of  Ru|tert'8  dropfi, 

IK  marvellously  brittle.  The  fracture  of  a  i>ortion  of  tbe  tail  of 
.these  tudpole-sbaped  objocts,  immediately  causes  the  Uidy  to  fly 

"  ito  thousands  of  pieces.  Even  in  the  ordinary  state  glass  ia  too 
I'brittlti  for  common  use,  unle^  it  has  been   rebealeil  and  very 

llowly  cooletl.     Such  an  o]>cration  i.s  called  enmeativg.     It  often 

[UMiuin-i*   many  dnys  fur  its  successful  oompleticii.     If  projter 

Ivarc  Ih  taken  in  thin  operation,  thugluKs  may  have  its  brilllenesa 

rfcilucwl  a«  to  fnyir  very  rough  usage.    It  may  even  be  dropped 

•"from  a  height  un  to  tbe  floor,  or  subiuitted  to  the  blows  of  s 

bainmer.     In  tiiis  conilition  it  '\s  knawn  as  mnlUahle  glass.     lu 

I  its  malleable  state  the  glas**  diilcrs  but  little  from  a  liupert  drop 
in  b&rdness,  while  the  diflcrcnce  in  fragility  or  brittlcncss  is 
v&ry  great. 

Among  organized  bodies  like  bone,  variations  in  fragility  are 
fre(}uently  seen.  In  this  cafie,  however,  the  change  ts  owing  to 
ilteration  in  chemical  composition  or  proporti<>n  of  the  ingre- 
JientH  entering  into  tbe  structure  of  the  substance. 

54.  KaUeability  is  the  propertg  bif  which  certain  bodies  wiy  he 

or  roiled  into  exceedingly  thin  leaves.     In  these  substanues  the 

leculcs  appear  to  have  no  particular  lines  of  coherence,  but 
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to  suffer  themselves  to  be  pressed  or  forced  out  of  their  poBition 
in  all  directioua  with  equal  facility.  In  this  respect  they  re- 
semble the  particles  of  a  liquid. 

Of  all  metals,  gold  is  the  most  malleable.  It  may  be  beaten 
into  leaves  ^,7oV()-irtli  ^^  *i"  '"ch  thick.  In  this  state  of  tenuity, 
the  metal  allows  a  bluish-green  light  to  pass  through  it.  Tin  also 
is  (juite  malleable,  and  may  be  made  into  leaves  the  yg'jnrth  part 
of  an  inch  thick.  It  is  by  virtue  of  this  property  of  malleability 
that  the  coppersmith  produces  from  flat  sheets  of  copper,  various 
hollow  domestic  utensils,  as  kettles,  without  a  single  seam  or 
crack  throughout  their  whole  extent. 

Of  the  ordinary  malleable  metals  two,  viz.,  platinum  and  iron, 
possess  the  property  of  being  welded,  or  united  together  at  a 
white  or  red  heat.  By  the  discovery  of  this  welding  property  in 
the  case  of  platinum,  a  distinguished  English  chemist  is  said  to 
have  made  an  enormous  fortune  by  his  own  hands.  He  bought 
platinum  black  and  scrap  metal,  and  raising  it  to  a  white  heat 
submitted  it  to  blows  in  a  steel  cylinder,  and  thus  converted  it 
into  bars  or  ingots,  thereby  more  than  quadrupling  its  value. 
The  wcldiTig  property  of  gold  at  the  ordinary  temperature  of  the 
air  is  applied  by  the  dentist  in  filling  teeth. 

66.  Dactility. — Allied  to  malleability,  but  difiering  therefrom, 
is  that  property  possessed  by  some  metals  which  enables  us  to  draw 
them  out  into  wires  of  marccHous fineness. 

A  platinum  wire  only  the  Ti-utVirrr*'^  of  an  inch  in  diameter,  was 
made  by  Dr.  Wollaston  in  the  following  way:  A  wire  of  plati- 
num was  placed  in  the  interior  of  a  silver  cylinder;  the  compound 
bar  was  then  drawn  out  in  the  usual  way,  until  the  limit  of 
ductility  was  reached.  The  silver  was  then  dissolved  in  nitric 
acid,  when  a  platinum  wire  remained,  which  was  about  half  the 
thickness  of  the  thread  of  a  spider's  web,  and  only  distinctly 
visible  when  heated  to  redne.«s  in  a  flame. 

Next  to  platinum,  the  order  of  ductility  for  the  metals  is 
silver,  iron,  copper,  gold.     Molten  glass  is  also  very  ductile. 

Certain  organic  bodies  rival  and  even  surpass  inorganic  sub- 
stances in  this  respect.  Sugar,  for  example,  may,  at  certain 
temperatures,  be  drawn  into  threads  far  liner  than  the  wires  ot 
many  metals. 

Of  all  known  bodies,  that  which  possesses  this  property  in 
the  highest  degree  is  the  li(|nid  silk  from  which  tlie  spider  spins 
its  gossamer  thread.  Kear  the  extremity  of  the  abdomen  in 
these  creatures,  there  are  four  to  six  nipples,  each  of  which,  in 
some  species,  is  perforated  In'  about  a  thousand  minute  holes. 
From  these  the  adhesive  fluid  oozes  to  form  the  thread,  which 
hardens  on  contact  with  the  air.     The  final  thread  of  the  web. 
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me  ns  it  ih.  ttierufure.  eontiiitis  iiiuiiiiientlile  minute   threads 
wliicli  have  i»Muo<l  from  iIk-  apfrdiree  of  the  Bpitinervt. 

■  66.  Tenscity  is  dufiiied  by  (ianot.  sb  "Ihe  resisfanae  whieh  a 
hodft  offfTs  U>  the  lofal  srparalion  of  its  parts."  It  diiicrs  accordmg 
to  Uie  nmiiriiir  of  application  ol'ilie  force.  In  \hv  ordiuan'  Betise 
it  is  rt'hifttaniro  to  triu;lion,  or  n  pulling  Ibrce.  If  iipplleil  to  re- 
«istaii<:«  Co  fracture,  it  itt  oalled  rfltitive;  to  rosjislaiice  to  crunhing, 

Inaetive;  lo  resistancu  to  lateral  diHplacenieiit,  ■sAfer//)^;  tu  rceist- 
Wco  to  twisting,  torgmmtl. 
Continued  application  of  u  force  diininishes  the  tenacity  of  a 
pire;  olevution  of  tLmipcruturc  hns  tin;  eunic  ctt'ect.  Tenacity 
nine  varies  witli  the  form  of  the  bar;  it  is  greater  in  a  cylinder 
tlian  it)  u  prism,  ami  grc-iitcrin  a  hollow  than  iti  n  solid  cylinder. 
In  the  latter  cnsc  it  reaches  it^  maximum,  when  the  OKtcrutd 
radius  w  to  the  iuternal  as  II  to  5.  The  teiiucily  of  many 
bodies  i»  greaiter  in  one  direction  tliun  in  another.     Wood,  for 

Iexantplv,  iiften*  greater  resi^^tance  with  thu  grain  than  across  it, 
AniomI  and  vegedible  structures  olfur  numerous  exuinplcB  of 
tlie  use  of  hollow  cylinders  to  increase  tenacity.  The  quills  of 
bir<l  feathers,  the  bones  of  animals,  and  the  stems  of  grain,  are 
■11  constructed  on  this  plnn.  The  fibre  of  the  silk-worm  has  a 
H  tenacity  e^^ual  to  that  of  brass  wire,  and  three  or  four  times  ihnt 
Hpf  a  hemp  tibre  uf  etpial  diuineter.  Ligaiuentti  and  teiidoiiH  are 
Birery  tenacious.  CiitgutK  nnide  of  intestines  of  the  sheep  and 
Higoat,  also  posiiess  great  tenacity. 

The  Bupcriority,  in  this  respect,  of  iron  and  steel  ever  otlior 

IBab«tanccs  is  shown  by  the  following  table,  in  which  the  weight 
^  tons,  supported  by  u  rod  one  itich  B4nare  in  section,  is  giv«D. 

07.  ElMtioity,  in  general  lerma,  nmy  he  defined  aa  the  pmpfTtjf 

1/  "'    ■  '    /'  a  ODifif  that  has  t'cen  choni/eil  i»j  Me  action  of  force 

'  fmn  nnd  size  when  thfjortr  is  reittrM.    Inlitpiida 
uiid  ^um-n  tilt:  li-rm  is  applicable  only  to  variation.^  in  volume ;  in 

■wlidh  it  uppliufl  also  to  the  pi>!iiliun  of  the  nioleeules. 
Both  hard  and  aoA  solids  are  endowe<i  with  elasticity.     Tn  the 
forrnvr  the  extent  of  strain  permissible  within  the  limits  of 
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elasticity  ie  much  less  than  in  the  latter.  If  the  limit  of  elasticity 
is  exceeded,  a  permanent  set  is  produced,  as,  for  example,  when 
the  ligaments  of  ajoint  are  sprained. 

As  was  the  case  with  tenacity,  elasticity  in  solids  preaenta 
itself  under  different  aspects,  viz. :  1st,  of  traction ;  2d,  of  com- 

?re8sion;  3d,  of  flexure  or  bending;  4th,  of  torsion  or  twisting, 
n  ordinary  parlance,  elasticity  of  tension  or  traction  is  applied  to 
bodies  like  India-rubber,  which  will  undergo  considerable  elonga- 
tion without  breaking.  In  such  cases  the  return  to  the  original 
length  is  only  partial,  and  after  they  have  been  stretched  a  few 
times  they  show  a  permanent  elongation.  The  true  force  of 
elasticity  in  solids  in  scientific  signification,  is  not  bo  much  that 
property  which  permits  extension  as  it  is  that  which  permits  the 
displaced  molecules  to  return  to  their  original  position. 

Among  animal  tissues,  examples  of  elasticity  of  traction  are 
offered  by  the  yellow  elastic  tissue  in  the  arteries  and  by  the 
ligamentum  nuchte.  It  is  said  that  in  the  long  neck  of  the 
giraffe,  if  the  ligamentum  nuchte  be  cut  from  its  attachments  to 
the  vertebra;,  it  cannot  again  be  stretched  to  its  original  length 
without  rupture,  so  great  is  the  force  with  which  it  has  con- 
tracted upon  itself. 

68.  Contractility. — The  power  of  contractility,  whereby  a  muscle 
under  the  injiiience  of  nercous  stimylas  can  increase  or  diminish  its  own 
length,  is  the  highest  devehpnient  of  elasticity  of  traction.  The  force 
with  which  a  niusclu  contracts  is  not  realized  until  we  examine 
the  manner  in  which  it  is  attached  to  tlic  bones  upon  which  it 
acts.  Invariably  it  workrf  on  the  short  arm  of  a  lever,  and, 
therefore,  to  produce  results  wliich  appear  to  be  feeble,  very 
great  contractile  force  must  be  developed. 

While  acting  under  the  control  of  the  will,  the  contractions  of 
a  muscle  are  usually  within  the  limits  of  its  elasticity,  occasion- 
ally, however,  where  supreme  efforts  have  been  made  the  limit 
of  elasticity  is  overpassed,  and  rupture  takes  place.  This  not 
unfrequently  happens  in  the  contractions  attending  certain  spas- 
modic diseases,  and  also  from  the  actioTi  of  drugs  like  strychnia. 

TboOgh  docile  and  obedient  to  the  nervous  influence  while  a 
creature  lives,  the  muscular  tissue  asserts  itself  after  death,  and 
make;^  its  last  and  most  prolonged  effort  of  contraction,  thereby 
producing  the  condition  of  tlie  body  called  rigor  mortis.  'This 
usually  supervenes  in  from  three  to  six  hours  after  death,  but  it 
often  comes  on  much  sooner.  ^Nurses  always  bind  the  jaw  and 
close  the  eyelids  as  soon  as  possible  after  death,  experience 
having  taught  them  that  sometimes  the  rigor  sets  in  in  these 
parts  within  a  few  minutes.  Brown-Scquard  says  that  rigor 
mortis  sometimes  comes  on  before  the  heart  has  ceased  to  beat. 

In  death  on  the  battle-field,  when  a  bullet  has  struck  a  vital 
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part  and  dentil  U  aliiiogt  iiiBtaiilaiifous.  rigor  mortis  occurs  im- 
mediHtply.  Tlie  liniid  gnihpR  ilio  rifli-  witli  h  firmer  gnp  timn  in 
life,  and  the  Iswl  exprefision  of  fury,  or  of  terror,  ihnt  fluted  over 
the  fncv,  i^  ittaiiiped  on  tlie  marbled  couiitenuuce  of  tbe  <k'iid 
soldier. 

l>nralioii  of  ripor  niorlis  dt-pends  largely  on  temperature 
HHi'mg  oUier  causes.  S4)tnetinie8  it  ln8tn  onlv  one  or  two 
huiirv.  In  winter  it  oHon  endures  for  six  or  eight  days;  in 
vnrv  cold  wwiilier,  even  for  two  or  llireo  weeks. 

'f  Ite  slaughterinjz^  of  animaU  for  talilc  n>te  slionld  always  Ite  ao 
tnanii^ed  as  to  »lluw  time  for  the  rigor  niorti»>  to  [nua  06'.  From 
an  ie»tlit:iie  point  of  view,  it  Ib  not  pleasant  to  dine  oft'  a  rliicken 
wc  Itavo  jnst  seen  disporting  itself  on  tlio  lawn  of  onr  frientl'* 
oountrj'  seat.  From  an  epicurean  point  of  view,  sueli  tlceii  is 
always  tougli. 

69.  Elasticity  of  Compression. — An  iidmirahle  example  of  the 
liattn'ittf  of  vi'inpTfSsiiin  (.« f'jf'i'riyi  hi/  un  nvrt/  HiUiarA  Ml.     If  rtiich 

bull  bu  dropped  from  a  lieii;lit  iinoti  a  i^niootb  sttine  slab  whieb 
M  been  smeared  witli  btiick  pauit,  tiie  paint  will  form  a  spot 
'  coustderable  diameter  upon  tbe  ball.     Resting  the  ball  on 
le  surface  nf  the  slab,  only  a  minute  spot  is  t'ornied.     It  is 
oro  evident  that  when   the  ball  strikes  tbe  surface  with 
Idcntblo  force  its  particles  are  tlriven  in,  or,  in  other  wordh, 
andcTKoefl  eomprehsion,  otberwise  (ho  formation  of  the  large 
01  is  uicxplicftblt'.     It  is  tbe  instant  retnrn  of  tbe  molecules 
irory  Ut  their  original  position  that  causes  the  ball  to  rebound 
111  the  slab.     Tbit^  property  is  possessed  in  so  hlgli  a  degree 
ivory  that  long-continued  use  of  balls  mnde  of  this  substance 
TOfhu'iM  no  appreciable  change  in  their  spherical  shupc. 
ThiH  form  of  elasticity  is  exemplified  in  animals  by  the  inter- 
rtebra)  sulistance. 

70.  Elaiticity  of  Flexure. —  Whm  a  horizontal  bar  of  metal  or  tcood 
\fiud  at  one  txlrmnttf,  nnd  a  n^efohi  uppUed  at  the  other,  the  roil 

M  or  bani*.  The  monient  it  19  released  from  tlie  weight  it 
riugs  back  toward  its  tirst  position,  posses  it,  and  after  a 
&Htcr  or  less  number  oi  oscillatious,  it  comes  lo  rest  at  its 
iginal  position.  This  is  what  is  meant  by  elasticity  of  flexure. 
is  di'  interest  in  connection  with  the  phenomena  of  souikI,  as 
rirtluced  from  tnidng-forkH  and  other  ncnustic  apparatus. 
are  to  be  the  subjirct  of  study  hereatler.     This  form  of 

_.icilv  in  metals  is  genenilly  increased  by  chilling  or  harden- 
t.  Hod  lessene*!  by  annealing.  Some  metals,  as  steel,  possess 
in  a  high  degree,  in  others  it  scarcely  exists.  It  is  of  impor- 
ico  in  the  construction  of  all  tbrms  of  sargical  apparatus  in 
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which  Bprings  are  used,  as  in  the  trusses  for  hernia  and  appli- 
ances  for  the  correction  of  deformity. 

Among  organic  bodies,  it  is  seen  in  the  costal  cartilages; 
wood,  likewise,  possesses  elasticity  of  flexure  in  a  high  degree.  It 
is  also  found  in  such  substances  as  feathers,  wool,  and  hair,  and 
gives  to  them  the  elasticity  which  adapts  them  for  use  in  the  con- 
struction of  pillows  or  cushions,  and  other  articles  of  furniture. 

The  elastic  virtue  in  hair  has  rendered  its  use  possible  as  a 
means  for  the  commission  of  murder.  Instances  are  on  record 
in  which  very  finely  chopped  hair  has  been  mixed  with  food  and 
administered  to  the  victims  of  the  poisoner.  Under  the  con- 
tractions of  the  Btomaeh  the  portions  of  hair,  by  alternately 
yielding  and  regaining  tlieir  form  by  virtue  of  their  elasticity, 
have  worked  their  way  into  and  become  imbedded  in  the 
mucous  and  muscular  coats  of  the  organ,  to  such  an  extent  as  to 
become  sources  of  local  inflammation  which  has  finally  caused 
death.  The  obscurity  of  origin,  and  the  natural  characters  ot 
inflammation  so  produced,  render  the  detection  of  the  crime 
exceedingly  ditficult. 

71.  Elasticity  of  Toriion  Is  tluit  jiroperty  by  xohich,  when  a  suspended 
rod,  wire,  or  fibre  is  fixed  at  the  upper-  mdand  twisfedat  the  lower,  the 
free  eiyi  returns  immedlateti/  ttnoards  its  original  positim  when  releasai 
from  the  iwiMbig  force.  If  a  shot,  or  other  heavy  body,  be  at^ 
tached  to  the  lower  end  of  the  suspended  wire,  in  untwisting, 
the  wire  passes  beyond  its  original  position,  and  then  returns 
in  the  opposite  direction.  Thus  a  series  of  oscillations  are  pro- 
duced. An  apparatus  formed  on  this  principle,  and  known  as 
the  balance  of  Coulomb ,  is  used  for  the  measurement  of  electric 
attraction  and  repulsion. 

Spiral  springs  involve  elasticity  of  torsion  in  their  action  as 
well  as  other  Kinds  of  elasticity.  In  certain  kinds  of  plants, 
such  spiral  elastic  springs  are  applied  to  the  purposes  of  project- 
ing the  seeds  to  a  distance  from  the  pareiit  plant.  The  castor- 
oil  plant  can  in  this  way  throw  its  seeds  to  a  distance  of  ten  or 
fifteen  feet  Elasticity  of  torsion  is  possessed  in  a  high  degree 
by  wood  and  steel;  scarcely  at  all  by  lead. 

72.  Pliancy. — By  this  we  mean  the  properly  of  being  suddenly  bent 
and  twisted  without  fracture,  as  in  the  making  of  cord  from  hemp 
or  cotton. 

Organized  bodies  being  commonly  more  or  less  fibrous  in 
their  structure,  possess  this  property,  which  is  very  rarely  found 
among  minerals. 

Cotton,  wool,  flax,  silk,  hair,  and  all  similar  materials  which 
are  woven  into  cloth  or  fabrics,  are  exceedingly  pliant.  It  may 
be  said  to  be  the  chief  cause  of  their  value. 
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^  mincmk  an  exceptionni  example  of  pliancy  is  found 
ftab)>taDce  cnllcd    asfifsfai   or    aminnthis.     80  tlexiUlo    ia 
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flbeetoa  tliat  it  Um  Wen  vvoveu  iulo  glov«8,  jackets,  and  other 
rticlpft  nf  clntliiiig.  Sitiit-  iiniianllnm  resists  tlit!  action  of  very 
.jgh  teniperataro,  aucti  articles  of  clotliing  arc  incomhnstible. 

be  iliflii'ully  roniii-cted  with  llioir  praL-titstI  ut^e.  it^  tiiiit  they 
ire  M  hciiVT  that  if  a  fireman  drcssod  in  a  suit  of  asfjesh'S  rfoth 
lappcafe  lo  fall,  it  is  almoBt  impogsiliic  lor  biui  to  rise  again. 

73.  Opacity,  Traa«p«rency.  Color,  are  irmiortant  properties  of 
wVkI  iu*  wvII  an  other  Ibrms  nf  niattnr.  The  study  of  these  is 
>eei  acronipliithod  in  eonnoctioii  witli  the  examination  of  the 
-clatioM  of  light  In  8uvh  bodies. 

74.  Building  Hat«riali. — Those  embody  many  of  the  propei*- 
ieti  of  sohdb  which  we  have  juBt  examined.  The  occurrcnt^e  of 
iccidcnts  whereby  life  may  be  desti-oved  or  perBons  maimed, 

derd  it  desirable  that  the  phyt»tuiau  should  have  some  knowl- 
,ge  reOTrding  the  chaii^'-es  lo  which  ihofie  nmt*Tials  are  lialile. 
Wood,  and  -liniilar  organic  bodicfi,  undergo  a  gradual  change 
the  nature  of  a  blow  oxidation,  whieb  Liubig  bae  eolled 
iMCttusis.  ThiH  destroys  its  fibrous  atid  eelhilar  charueter, 
d  uuderuiioes  its  strength.  The  stability  of  xvoodeu  struct- 
UTvn  i«,  ibcreforcj  of  eomparutively  brief  duration. 
^  In  ibe  i-onfftruetion  of  raiKvayf>,  thepreservnlion  of  the  wooden 
Be»  on  wbtcb  the  rails  are  laid  i^  of  tlie  utniost  importance. 
Exposed  UH  thoy  are  lo  the  action  of  weather,  they  are  very 

Kone  to  ibis  destructive  change.  To  prt-vent  it  the  wood  h&e 
en  inje<:ted  with  various  sohitions,  as  chloride  of  ziue,  earlwlic 
iicid,  Inr.  and  othei-s  too  numerouB  to  mention.  The  beat 
nieUiod  for  injection  seems  to  be  to  draw  the  solution  into  the 
hood  l>y  exhaustion.  nUher  than  to  force  it  in  by  pressure. 
I  Iron,  now  so  commonly  employed  in  constructiou  of  build* 
pva  and  of  railways,  under  the  continued  vibration  and  changes 
5t  temperature  to  which  it  is  submitted,  oecisionnlly  loses  its 
3brou6  structure,  and  btvomts  highly  crt/ifdllhie  trnd  briUlr.  This 
■hango  is  especially  seen  in  tbe  axles  of  railway  cars,  and  not 
jiifreqoently  in  the  rails  themselves.  Henro  the  serious  acci- 
H'Hts  which  occur  from  the  breakage  of  axles  and  rails,  especially 
luring  the  winter  weather  when  the  ground  is  frozen  and 
■pvielding. 

■  Tho  dostruclibility  by  fire  of  buildings  constructed  of  iron  is 
PDnderiiil.  Columns  and  beams  which  appear  to  have  en- 
linilted  powers  of  resistance,  yield  in  tJie  most  unexpected 
nuer.  This  is  largely  due  to  the  warping  and  the  fracture 
iron  is  apt  to  undergo,  if  water  be  thrown  on  it  when  it 
to  a  certain  temporatttro.    The  expansibility  of  the 
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metal  also  bein^  much  greater  than  the  stone  and  brick  with 
which  it  is  combined,  produces  innumerable  cracks  and  lissurcs 
iu  the  walls,  and  so  undermines  their  strenMh. 

Of  building  materials  not  one  equals  well-made  brick,  in  its 
power  to  resist  the  action  of  tire,  and  we  may  add  of  time.  If 
the  composition  of  bricks  is  of  the  right  kind,  they  come  out  of 
the  ordeal  unharmed.  Their  edges  even  are  unscathed.  "Water 
may  be  thrown  on  them  when  they  are  at  any  temperature,  and 
they  do  not  Jissure.  Stone  of  all  kinds,  on  the  contrary,  is 
chipped,  flaked,  and  cracked,  both  by  the  action  of  the  tire,  and 
also  by  the  water  thrown  on  it  when  heated. 

75.  Hypothetical  Coiutitution  of  SoUdB. — The  best  summary  of 
our  present  knowledge  of  this  subject  is  that  given  by  Prof 
Crookes.     It  is  as  follows: 

1.  Solids  are  composed  of  discontinuous  molecules  separated 
from  each  other  by  a  space  which  is  relatively  large — possibly 
enormous — in  comparison  with  the  molecule  itself. 

2.  These  molecules,  composed  of  atoms,  are  governed  by  cer- 
tain forces,  viz.,  cohesion  or  atlraction,  and  motion. 

3.  Attraction  appears  to  be  independent  of  absolute  tempera- 
ture; it  increases  as  the  distance  between  the  molecules  dimin- 
ishes; and  were  there  no  other  counteracting  force,  the  result 
would  be  a  mass  of  molecules  in  actual  contact  with  no  move- 
ment whatever — a  state  of  things  beyond  our  conception — a 
state,  too,  which  would  probably  result  in  the  creation  of  some- 
thing which,  according  to  our  present  views,  would  not  be 
matter. 

4.  The  force  of  cohesion  is  counterbalanced  by  the  motion, 
which  is  also  an  inherent  property  of  individual  molecules  them- 
selves. Theee  movements  vary  directly  with  the  temperature, 
increasing  and  diminishing  in  amplitude,  as  the  temperature 
rises  and  falls. 

5.  In  solids  the  force  of  attraction  or  cohesion  is  greater  than 
that  of  repulsion. 

ti.  The  molecules  in  solids  do  not  travel  from  one  place  to 
another,  but  po-ssess  a  lixity  of  position  about  their  centre  of 
oscillation. 

7.  Matter,  as  we  know  it,  has  so  high  an  absolute  temperature, 
that  the  movements  of  the  molecules  are  large  in  comparison 
with  their  diameter,  for  the  mass  must  be  able  to  bear  a  reduc- 
tion of  temperature  of  nearly  — 300°  C,  before  the  amplitude 
of  the  molecular  excursions  would  vanish. 

8.  The  solid  state  is,  in  reality,  merely  the  effect  upon  our 
senses  of  the  motion  of  the  molecules  among  themselves. 
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CHAPTER    VI. 

GEN'KRAL  AND  SPKCIAL  PR0PBRTIK9  OF  LIQUIDS. 

rorm  not  Rxt^d— ]{a*iiit  coniprCMion— Com preMibiiity^BlMticitj— Porosity^ 
Vuluni?  VHriatiom— Denvitv  <>t  ii|K-cilto  gmvity— Tabla  o(  (peoiflv  jtnvittei — 
Kcunlte  IwIiiikI  r  tllvtdin);  ioi\<i — Uypotbetiv«l  voDftitut!on — Liquidity  utd 
Tiaoosity — Amuiuu  iplK-rutOal  itaw. 

78.  Form  not  Fixed. — Any  liquid  placed  on  a  level  Btirface 
ipreads  iuelf  iuto  a  layer  of  greater  or  1es8  tenuity,  and,  if  the 
quKntity  is  considcmblp,  witli  no  regularity  of  outline.  The 
•iighlei»t  tilt  of  the  Aurface  iit  once  chimgea  the  outliiio  and  the 
thickness  of  the  layer  in  different  part3.  Poured  into  a  vmsc\ 
tif  any  sliape,  ihe  !i<iuid  immediately  adapts  itself  to  the  form 
of  tie  ve8i>el.  Li<niul3,  thortfore,  differ  essentially  from  solidft 
in  that  thev  do  not  have  a  lixud  form. 


77.  Seiist  CompreHLon. — In  tbis  respect  Ii(|uid8  stand  interme- 
diate Uetwoen  aolida  mid  ^isea,  the  fixity  of  position  in  the 
riolecule*  in  solids  ginng  thena  a  great  advantage  over  the 
thcr  forms  of  matter. 
78.  CompreMibility. — The  experiment!*  of  the  Florentine  acado- 
miciaiid.ifi  which  water  utiiivi]  tht'iMiglithu  walls  of  a  hollow  globe 
uf  gold,  led  them  to  the  conelu-sion  that  this  lirjuid  was  inoom- 
prcabihlef  and  for  a  long  time  that  opinion  waa  accepted.  la 
1761  rlie  Knglish  phyaiciat,  Canton,  I'ontid  that  when  water  was 
placed  ID  an  air-i>ump  Taeuum  it  expanded.  The  amount  of 
expanition  waa  0.000044  of  tlie  volume  employee!. 
.  Ill  181il  PerkiiiA  snhmitted  water  cneloaed  in  suitable  vesaela 
lo  enormouB  presenrcff  by  lowyring  theni  to  great  duptha  in  the 
ocean.  The  resuU**  of  his  fxperiments  gave  0.000048  aa  the 
ipreiiaiou  fur  each  atmosphere  of  pressure. 
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A  few  yeare  later  (Ersted,  by  an  instmnient  called  tlie 
pi^zonietre.,  in  wiiieii  llie  pressure  was  ofjtJiitied  by  a  screw, 
foQDd  nearly  the  enme  results.  The  following  table  givea  the 
values  of  comprctssion  per  atmosphere  obtained  liy  M.  Qrassi, 
by  means  of  the  process  of  Regnault.  The  oxperimcnt«  were 
made  at  O"*  C. 


1.  MorcdiT 

.     O.OOOOOS 

4.  Alnnhol 

.     0.00008 

2.  Wftlef  . 

.   o.oooow 

&.  Ether  . 

.     O.tXiUlll 

a.  Ohloiofomi   - 

.    0.00006 

79.  Elasticity. — A  general  definition  of  elasticity  hot*  beeu 
given  in  (45).  lu  the  cas*;  of  aolids  this  property  exists  in 
various  forms,  but  in  that  of  liquids,  onlv  in  respect  to  volume. 
In  solids  theclusticify  of  conxprcssion  is  displayetf  wiihiu  narrow 
limits,  beyond  which  they  are  permanently  conipresr^ible,  wi 
shown  in  the  greater  density  gii'eu  lo  many  metals  by  hammer- 
ing and  rolling  (ago  specibc  gravity.  Sif).  In  liqutds,  on  the 
contrary,  the  amount  ofcompressibifity  is  greater,  water  shrink- 
ing y^Tj-  of  its  volume  under  the  preesure  of  a  column  of  that 
fluid  one  mile  in  depth.  On  removing  the  pressure,  a  fluid 
returns  rigorously  to  its  original  volume.  The  elasticity  ol 
liquids,  thcrctbrc,  is  absolute  under  all  ranges  of  presaiire  to 
which  we  can  submit  them. 

In  the  ease  of  aolids,  elasticity  of  compression  was  shown 
by  the  recoil  of  an  ivory  hall  from  the  surface  of  a  slab  of 
stone  (U9).  In  the  same  way  globules  of  mercury  rebound  from 
a  hani  surface.  Molten  initiniony  thrown  on  a  tabic  or  floor 
gives  an  admirable  illuatnition  of  the  same  propei-ty,  bounding 
along,  ami  leaving  a  dot  of  metal  wherever  it  has  touched. 

The  elasticity,  contractility,  and  pliancy  of  the  solid  tissues 
of  animals  are  largely  owing  to  the  presence  of  water.  A  dry 
muscle  could  not  contract,  I)e})rived  of  its  water,  the  akin 
would  lose  all  the  physical  properties  which  so  eminently  fit  it 
for  the  purpose  it  serves.  So  im])ortant  is  water  in  the  human 
economy,  that  no  less  than  two-thirds  of  the  whole  weight  of 
the  body  is  made  up  of  this  ingredient.  In  an  oyster  81  per 
cent,  is  water,  and  in  certain  jelly  fish  or  acalephie,  l*it  percent. 

80.  Porosity. — Porosity  in  the  case  of  solids  has  been  discussed 
in  (48).  Though  wo  cannot  see  uores,  like  the  visible  pores  of  a 
solid,  in  a  liquid  bodv,  nevertbeiese  some  maintain  their  exist- 
ence. In  support  ol  this  doctrine  the  following  experiments 
are  given  :  The  mixture  of  a  pint  of  alcohol  with  a  pint  of  water 
does  not  produce  two  pints,  but  much  less.  Gases,  also,  in 
enormous  quantity,  may  Ua  forced  into  water  by  the  wd  of 
pressure  without  any  discoverable  increase  in  the  bulk  of  the 
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Inid.  Ill  both  these  examples  it  is  na  perf<:<^il_v  proper  to  sup- 
I  that  the  tuolocules  of  the  atoohol  or  of  the  gas  may  occupy 
10  inlormolooiilar  Rpaces.  Tliore  is,  however,  one  curious 
ifttanco  in  which  that  explanation  is  hardlv  admiesible,  and 
lu  idea  of  thy  presence  of  pores  aeenis  the  correct  explanation. 
If  pure  melted  silver  be  exposed  to  air,  as  where  a  jflobule  of 
lat  metal  is  kept  in  the  fused  state  in  a  hlowpipe-tlume,  it. 
absorbs  the  oxvgen  of  the  air  in  considDrablo  quantity  (some  22 
times  its  own  bulk].  On  cooling,  the  gas  escapes  juat  before  the 
metal  becomea  solid,  and  while  it  is  ^et  pasty,  U8  it  were.  h\ 
consequence  of  this  escape  of  the  giw,  the  nietnl  is  dragged  out 
from  the  interior  of  the  globule,  and  the  exterior  is  corored  by 
mossy  or  arborescent  masses  of  frosted  silver. 

81.  Volume  Variatiooi. — In  solids  these  ate  exceedingly  minute 
i1).  In  liquida  they  are  much  greater.  The  amount  of  expan- 
ion  for  a  given  rise  of  temperature  is  aleo  greater  at  a  high 
'sun  at  a  low  degree.  Afi  the  liquid  approaches  its  boiling 
»int  the  rate  of  expansion  becomes  very  irregular.  Towards 
the  freezing  point  a  similar  irregularity  is  noticed.  For  thia 
reflsou  liquids  cannot  be  used  in  the  construction  of  thormome* 
ters,  except  within  ranges  which  are  more  or  less  distant  from 
their  boiling  and  freezing  points. 

B2.  Density  or   Specific   Qravity, — Lic^uids.   like   solids,  show 

jnsiderable  variations  in  spccilio  gravity,  from  dense  mercury 

id  sulphuric  acid  to  light,  limpi<l  ether.    In  a 

i^neral  way,  it  may  be  said  thai  liquids  are  lighter         F"*  ■'- 

lan  solids,  and  heavier  than  gosea.     As  we  have 

jen,  there  are  many  exceptioiis  to  the  first  of  these 

propositions;   if  by  solids    mineralB  alone   wore 

meant,  it  would  be  much  nearer  the  truth. 

The  most  satisfactory  method  for  the  dotermina- 

>n  of  the  specitic  gravity  of  liquida  U  by  the  spe- 

i<;  gravity  uoltte,  A.     Thi»  is  so  constructed  that 

will  bohl  a  delinite  quantity  of  the  liquid  to  be 

imined.     The  volume  is  accurately  measured  by 

lift  introduction  of  a  stopper.  B,  provided  with  a 

litlary  tube  to  give  egress  to  any  excc%  of  tluid. 

le  weight  of  the  bottle  and  stopper  is  first  determined  while 

lis  perteetly  dry.     The  bottle  is  then  lilleil  with  distilled  water 

4*  C.     The  stopper  is  introduced  and  all  excess  of  water 

rofully  reiuuved  by  bibulous  paper;  it  Is  then  weighed.     The 

li^ht  of  the  bottle  subtracteu  from  this  gives  the  weight  of 

it  contained.     The  water  is  then  removed,  and  the  oottle 

with  the  liquid  to  be  examined;  it  is  then  filled  thore- 

Kt  0®  C,  and  again  weighed.    The  weight  of  the  bottle 
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deducted  from  this  gives  the  weight  of  the  volume  of  liquid.  The 
volumes  of  the  water  and  the  liquid  heiug  the  Bame,  it  remains 
to  divide  the  weight  of  the  liquid  by  the  weight  of  the  water, 
when  the  quotient  is  the  epecilic  gravity  of  the  fluid. 


83. — Specific  gravities  of  liquids  at  0' 
water  at  4°  C.  as  ttmti/. 


C.  compared  with  that  of 


Mercury . 

18.598 

Distilled  wat«r  at  - 

■^C.  .     1.000 

Bromine  . 

2.9C0 

Distilled  water  at  ( 

"C.  .     0.999 

Sulphuric  acid 

1.841 

Claret  . 

.     0.91)4 

Chloroform 

1.526 

Castor  oil 

.     0.969 

Nitric  acid 

1.420 

Cod- liver  oil 

.     0.928 

Bisulphide  of  cttrboi 

1.21(8 

Olive  oil 

.    0.915 

Glycerine 

1.2B0 

Sperm  oil 

.    0.875 

Hydrochloric  acid 
Blood 

,     1.240 

Uil  of  turpentine 

.     0.870 

1.060 

Oil  of  lemon 

.     0.852 

Milk 

1.032 

Rectified  spirit 

.     0.838 

Urine 

1.030 

Petroleum 

.     0.8S6 

Sea- water 

1.02C 

Absolute  alcohol 

.     0.793 

Well-walor,    rarelj 

Common  ether 

.     0.720 

as  high  as 

1.005 

Ether,  absolute 

.     0.713 

84.  Aeonite  behind  a  Dividing  Solid. — This  property  is  poseessed 
in  common  by  all  liquids  and  gases.  It  may  be  said  to  be  one 
of  their  distinguishing  characteristice;  solids,  only  in  very  rare 
instances  and  under  extraordinary  circumstances,  exhibit  it  in  a 
minor  degree. 

Hypothetical  Constitution  of  Liquids. 

85.— Ist.  Liquids  are  composed  of  molecules  separated  by 
interstices. 

2d.  The  molecules  are  composed  of  atoms,  as  in  solids. 

3d.  The  force  of  cohesion  is  much  less  than  in  solids. 

4th.  The  molecular  movements  are  far  greater  in  extent  than 
in  solids.    They  are  also  more  tumultuous  in  their  character. 

5th.  The  forces  of  cohesion  and  repulsion  are  very  nearly 
balanced. 

6th.  The  molecules  have  no  lixity  of  position,  as  in  solids,  but 
they  travel  from  place  to  place. 

7th.  When  heated  to  a  sufficiently  high  temperature,  the 
movements  of  the  molecules  become  so  excessive,  and  the  con- 
sequent repulsions  so  great,  that  at  last  cohesion  is  destroyed, 
the  molecules  fly  off  into  space  with  enormous  velocities,  and 
the  gaseous  state  ia  assumed. 


86.  Liqoidity  and  Viscosity. — We  have  said  that  the  forces  of 
attraction  or  cohesion,  and  of  repulsion,  nearly  balance  each 
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_  K-r  in  lirjnidB.     In  diftercnt  liquids,  howovor,  ihoro  aro  verv 

itrvr«iit  de)freefl  of  cohesion.     In  other,  nnphthn,  nnd  alcohol, 

\e  vohesivc  force  \»  weak;  it  is  scarcely  sutiicieut  to  enable  un  to 

low  biihbleft.  or  if  formed  they  are  evanescent.     On  being 

agitated,  such  liquids  are  oxceedmglv  raoWle.    Possessing  the 

property  of  liquidity  iu  the  hi<jhest  tiegree,  the  term  limpid  \a 

Qsed  tu  indicate  their  charac-ter. 

In  other  Iii|uid!(  tlie  mobility  of  the  particles  is  hampered,  nnd 
their  movements  nre  sluggish,  the  effects  of  agitation  arc  quickly 
lost.  Kxumpleii  of  this  group  are  oflered  by  «yrup,  gl^'certnu^ 
sulphuric  ucid,  and  oils.  To  these  the  term  viscous  is  applied; 
some  of  them,  n.«  soapsuds  and  glycerine,  may  be  blown  into 
biil)bK-s  of  considerable  size,  whicli  arc  quite  permaueiit  iu  their 
chiiractiT.  Albumen  and  inucua  also  itnpart  this  property  in  a 
high  degree  to  tluids.  The  froth  on  an  ^ggnog,  made  by 
ruling  white  of  egg,  ia  a  familiar  example.  In  the  cotio  of 
'ine,  ihe  mucus  present  imparls  this  property  to  such  an  extent 
lat  it  bectimesa  neriouH  impediment  in  the  way  of  reading  the 
itie  gravity,  the  layer  of  hubblen  on  the  surface  of  the  Huid 
curing  the  s<-ale  and  its  lignres. 

The  welding  roctaU,  ai^  platinum,  iron,  potassium,  sodium,  in 
ir  paAsagc  from  the  solid  to  the  liquid  state  also  show  this 
;ous  chamottir.    Other  ^ids,  on  the  contrary,  like  tee,  pass 
, .t-tantlv  fnirn  aoHdity  almost  to  the  extreme  of  liquidity  of 
which  tiiey  are  capable. 

87,  AsBuine  Spheroidal  Btate. — As  vapor  of  water  paat^es  from 
10  gaseous  into  the  liquid  condition,  it  first  appears  as  minute 
iherieal  vo-sieles;  these  coaIet«eing  produce  rain,  which  also 
lonely  npi'roni.-hes  the  spheroidal  form.  In  like  manner,  water 
imwii  iu  small  ounnritiefl  on  the  top  of  a  red-hot  (itove,  instantly 
ithors  itself  up  mto  .•^mall  spheres  which  drift  about  on  the  sur- 

iru  of  the  metal,  i^upported  on  a  cusbiou  of  steam  which  is 

nned  on  their  under  surtoce. 

Ot)ier  examples  of  this  tendency  of  liquids  to  assume  the 
_)heroidat  Mate  arc  aftbrvlcd  by  mercury  when  in  a  stale  of  very 
^inutc  suhilivieion.     Moltctl  lead  also,  as  it  pasties  through  the 

tvo  of  a  shot  manufactory,  nasntncfl  this  figure  in  its  descent 
trough  the  air,  jiud  tinally  cornea  to  us  as  solid  shot,  as  nearly 
iheroidal  as  it  is  po^>tihle  for  anything  to  be. 

The  cuuKe  of  the  assumption  of  the  jspheroidat  state  by  fluids 

directly  owing  to,  and  is  indisputable  evidence  of,  the  nearly 
|ual  bubuu^e  between  the  two  forces  ol  cohesion  flii<l  repulsion, 
wiciated  with  mobility  of  the  molecules  of  the  fluid.  Another 
Imimble  illustration  of  this  fact  is  oflered  by  JHntfan's  expfri- 

il,  it]  which  a  quantity  of  olive  oil.  A,  is  suspended  in  a 
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mixture  of  alcohol  and  water  of  the  same  specific  gravity  as  the 
oil.     Under  these  conditions  the  oil  is  freed  from  the  influence 

of  terrestrial  gravitation,  and,  though 
Fio.  10.  several  inches  in  diameter,  the  mass 

asBumes  an  almost  perfect  spherical 
shape  in  the  midst  of  the  supporting 
alcoholic  medium.  When  it  is  caused 
to  rotate  on  its  axis  as  is  shown  in 
the  figure,  a  ring  often  forms  like 
that  around  Saturn. 

The  approximately  spherical  form 
of  the  satellites,  planets,  and  sun  ot 
our  solar  system,  and  also  of  the 
stare,  is  generally  received  as  evi- 
dence that,  in  the  course  of  their 
pi«t«iu'«  f-iperiment  formation,  they  have  at  one  time  been 

in  the  liquid  condition.  In  the  case 
of  our  own  earth,  many  facts  tend  to  show  that  the  interior  is  still 
either  partially  or  wholly  liquid,  and  the  exterior  solid  cruet 
only  some  fifty  or  one  hundred  miles  thick.  The  tendency  of 
fluids  to  assume  the  spheroidal  state  is,  therefore,  not  only  of 
interest  in  the  study  of  small  masses,  but  it  has  an  importance 
and  application  that  are  only  limited  by  the  cosmos  or  universe 
itself. 

Since  the  molecules  of  a  liquid  are  exceedingly  mobile,  the 
complete  study  of  their  special  properties  makes  it  necessary 
that  we  should  examine  them,  both  in  a  condition  of  rest  and  of 
motion.  The  study  of  Hquids  at  rest  is  called  Hydrostatics,  that 
of  liquids  in  motion  Hydrodynamics,  and  the  application  of  these 
Hydraulics.  The  importance  of  the  study  of  these  subjects  is 
dependent  on  the  fact  that  they  furnish  the  means  for  determin- 
ing such  physical  properties  of  liquids  as  their  specific  gravity. 
They  explain  the  causes  of  the  circulation  of  the  various  fluids 
in  the  body.  They  treat  of  methods  available  for  furnishing  a 
copious  supply  of  pure  water  and  removal  of  liquid  etiete  ma- 
terial or  sewage.     We  shall,  therefore,  devote  a  chapter  to  each. 
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CHAPTER    VII. 

HYDROSTATICS. 

[lTdro«uti«a  <l«llnod.  Puml'i  liw — TIj-dM«lAtie  l>e<l — HTdrottatic  toat  Tor  rteam 
boilers — Action  of  Pucal't  trnv  in  the  body— Vprti*»l  downward  |ir«!*sur«>— 
V*rtic»l  iipwxrd  pn«9iir<^— Lnlprnl  pn-wurn— Kqiiilibrium  of  Hnnltni;  E)odi«»^ 
Stabilily  of  floating;  bodlev — Uvdrcwtaliu  twt  In  infiiutiddo — Eyidenco  of  d«iitb 
by  drawning — EqiiilibHuiu  of  n  liquid  in  dLimmuiiicaiiDg  vwmU — NatuntI 
flpriag*— WelU  and  spwago — Arleelmn  wg1I>i — E()uilibHurii  of  two  Hquidt  ol 
dimmnt  dcRtitict — I'rctiure  on  boltom  of  a  resscl — Heterogenous  liquid*^ 
Rpjrit  tevd. 

B8.  Hydrostatics  Defined.      Pascal's    Law. — Uydrostatica   ia  the 

aeiencc  ichick  treats  of  the  conditiuns  of  eq\iHibrlwn  in  figiatls.  and  of 

Ifuir  pressures,  eithei'  on  their  own  mass,  or  on  tfie  «vi/Zj  of  fUe  vessas 

wntaiiiiiiff  them. 

The  lun'  which  underlies  all  the  phenomena  of  bjdrostatica  is 

nowii  ii»  Pai^cal's  law.    It  ma^'  be  briefly  stated  aa  fuUovve: 

]8aiee  the  moUmles  of  a  liquid  are  exceedingly  mobile,  a  pres.mre  ap- 

Utd  <»'  one  portion  of  an  enelosfd  masa  of  fluid  must  he  e'junH^  rfr 

and  cqualhf  transmitted  in  all  directions. 

■  piston  anil  cytiiidor,  A,  conntiunicate  with   »  hollow 

here,  B,  the  watU  of  which  are  pertbratod  by  small  tubee,  C* 
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'ending  in  jets.  The  sphere  and  cylinder  being  tilled  with  water, 
tnd  presfluru  upplied  to  the  pititoii,  tlie  water  does  not  iHHue 
solely  Iroin  the  jets  opposite  the  piston,  but  with  about  the  same 


88  LIQUID  HATTER. 

freedom  and  force  from  all  the  jets,  regardless  of  their  position, 
thus  demonstrating  the  equal  distribution  of  the  pressure  in 
all  directions. 

This  property  of  liquids  gives  us  the  explanation  of  the  action 
of  the  hydraulic  press,  by  which,  from  a  moderate  force,  enor- 
mous pressures  may  be  produced.  It  consists  of  a  large  cylinder, 
A,  with  a  piston,  the  area  of  the  cross  section  of  which  is  100 
square  inches.  The  lower  part  of  A  communicates  with  a  small 
cylinder  and  piston,  B,  the  area  of  which  is  1  square  inch.  If 
on  the  top  of  the  small  piston  a  weight  of  one  pound  be  placed, 
every  square  inch  of  the  large  piston  will  suffer  the  same  press- 
ure as  that  on  the  small  piston.  Being  100  times  ae  large,  the 
pressure  will,  therefore,  be  100  times  as  great. 

89,  The  Hydrostatic  Bed. — The  hydrostatic  or  water  bed  for 
the  sick,  in  its  first  form,  consisted  of  a  water-tight  box  of  the 
size  of  an  ordinary  sofa,  and  some  18  inches  deep.  In  the  box 
about  six  inches  of  water  were  placed.  A  sheet  of  water-proof 
material  was  laid  loosely  on  the  surface  of  the  water,  and 
fastened  to  the  sides  of  the  box.  A  thin  mattress  was  then  laid 
on  the  waterproof  cloth,  and  on  this  a  folded  blanket.  The 
water  bed  differs  from  the  ordinary  bed,  in  that  the  pressure  on 
the  body  of  the  person  lying  on  it  is  equally  distributed  over  all 
portions  of  its  surface  of  contact.  Local  pressures  are  impos- 
sible. The  circulation  in  the  capillaries  is  not  interfered  with, 
and  consequently  the  formation  of  bed-sores  is  prevented. 

In  its  recent  form,  the  wiiter-bed  is  a  mattress,  or  large  sack 
made  of  stout  India-rubber,  and  filled  with  water.  It  is  costly, 
and  for  this  reason  we  have  described  the  earlier  form,  which 
may  be  improvised,  at  a  moderate  expense,  with  the  exercise  of 
a  little  ingenuity.  Water  beds  are  of  especial  value  in  the  treat- 
ment of  fevers.  Tbey  not  only  prevent  the  formation  of  bed- 
sores, but  the  relief  from  distress  afforded  during  the  early  part 
of  the  attack,  often  prevents  the  disease  from  reaching  a  danger- 
ous stage. 

Since  there  is  no  necessity  for  changing  the  position  to  gain 
relief  from  pressure,  as  on  ordinary  beds,  persons  have  some- 
times remained  unmoved  for  so  long  a  time,  on  a  water  bed, 
that  a  serious  stiffness  of  the  joints  has  resulted;  this  should  be 
prevented  by  occasional  passive  motion.  Proper  care  should 
also  be  taken  t^iat  the  water  with  which  the  bed  is  charged  is 
not  too  cold,  as  the  patient  might,  in  some  instances,  suffer 
thereby,  either  from  shock  or  from  too  great  an  abstraction  of 
caloric  from  the  body.  Especially  should  attention  be  paid  to 
this  matter  in  the  case  of  a  person  suffering  from  phthisis.  In 
certain  febrile  diseases  the  cold  would  be  advantageous.  If  the 
dew  point  is  high,  and  the  water  in  the  bed  very  cool,  the  bed- 
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ding  would  ncoossarilv  hcfiome  damp  1)V  eondoiiantiori  of  moist- 

iuru  uf  tlic  air,  iinil  cuiufiHcatiDiia  like  rlieuiiiatiBm  be  introduced 
Though  an  admirable  contrivance,  the  water  bed  requires  » 
groftt  anionut  of  attention  in  its  uw,  not  more,  liowcrer,  tlinn 
any  intollif^ent,  hunianu  pliVBiciaii  ought  to  be  willing  to  give  iu 
the  interest  of  his  patient. 
90.  HydroitBtic  Test  for  Steam  Boilers. — TIir  law  deniande  that 
fruui  lime  to  tiniv  all  boilers  for  Klettiii  engines  shall  be  suh- 
mittod  to  a  test  hy  preiwure,  lo  detcrniiiie  their  Nifety  and 
abilitv  to  resist  the  i-lastic  fore*  of  steam.  For  this  pnri>ose 
water  is  placed  in  tlic  apparatus,  a  force  pump  is  attaclifd,  and 
all  outlotB  are  ckwed.  Pressure  ia  then  brought  to  bear  upon 
all  parts  of  the  b<^iler  by  throwing  the  pump  into  action. 

Bv  this  method  weak  points  in  the  niachino  are  detected. 
It  vio-tds  qiiietlj",  and  leakage  ocenrB  wherever  there  is  a  6aw  in 
its  ronwtniction.  There  is  no  explojiion  as  would  be  the  case 
with  steam  or  air:  there  is  therefore  no  risk  to  life  in  applying 
the  test.  The  jtressure  thus  applied  is  often  double  that  for 
wliirh  the  boiler  is  warranto*!  by  the  inspector. 

The  difficulty  with  this  test  is  that,   by  the  great  strain 
Ibrougbt  to  bear,  |mrl8  which  would   otherwise   have   reuiHted 
>  ordinary  preA>*nreh(  fur  a  long  tiiiio  are  weakened,  and  ronso- 
quently  Ic-t's  able  to  bear  strain  afterward*.    The  test,  moreover, 
|Utiefi  not  entirely  meet  the  requireiiienls  of  the  ease;  it  applies 
IR  steady,  euniinued  stniin.     In  actual  us(^,  on  the  contrary,  (he 
itmin  is  n  pulsating  one.     A  throb  is  produced  every  time  tbo 
stpnm  pnswfl  from  the  boiler  into  the  cylinder.     It  is  evident 
[that  in  the  latter  case  the  tendency  to  the  looaening  and  wear- 
ing of  ihe  rivolfi  and  other  parte  of  joints,  must  be  much  gi-eater 
Ithan  in  the  former. 

91.  Action  of  Pascals  Law  in  the  Body. — The  examples  ai-e  very 

numerous,  especially  tn  diseased  conditions.     Among  those  we 

.may  mention  the  pain  and  interference  willi  tlie  action  of  Ihe 

ihcart  attending  emision   into  the -cavity  of  the  pericardium: 

the  torture  hutlered  in  the  cavity  of  ajoint  when  its  unyielding 

walls  are  distended  by  accumulation  of  synovia:  thcefl'ecls  upon 

I  the  brain  of  accnmulation  of  arachnoidal  fluid  within  Ore  bony 

[walls  of  the  cranium,  or  of  eflnsion  of  blood  therein. 

The  manner  in  wliich  im  nneurism,  especially  that  called  dia- 
«cting,  finds  its  way  between  tiwsues  depeixls  upnn  this  princi- 
ple.    The  intoleralilp  pain  sufTered  when  the  bladder  is  civer- 
tlllwl  with  urine,  arises  from  tlie  same  cause.     So  long  as  the 
rHrine  aceumuhiteB  in  the  bladder  and  it  distends,  the  inconve- 
luiencc  mnv  be  borne.     When  the  sac  is  fiill  and  the  outlet 
closod,  as  in  stricture  of  the  urethra,  the  secretion  of  the  fluid 
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contiritiing,  tlio  pressure  npon  tlie  wtilla  of  the  organ  l>ecoin» 
80  ^rt-at  an  to  l>e  oiibt-araWe,  and  rupture  occaflionally  results. 

92.  Vertical  Downward  Preaiare. — Gravity  pro<Iuces  internal 
preMures  of  different  degrees  in  different  parta  of  ft  liquid. 
TKe  lower  layers  of  the  fluid  contents  of  a  vessel,  evidently 
support  a  greater  weight  than  thnso  which  are  superficial.  The 
presBiirea  in  tiifferont  parts  of  a  liquid  depend  on  the  following 
general  lawn:  _ 

1.  Pr&sure  on  any  layer  is  proportional  to  Us  depth.  J^| 

2.  In  unlikr  lufttidif  the  presaiav  ai  the  sttme  depth  is  proportionate^ 
to  their  spei-ifie  grariU'fS. 

S.  In  a  given  horizontal  layer  the  pressure  is  the  same  in  <Ui  its 
parts. 

Examples  nf  the  action  of  theac  lawe  are  offered  in  certain.; 
diseased  CQiiditions  of  the  human  cconomv-  In  iiccumulationi' 
of  fluid  in  the  thoracic  and  ahdoniinnl  cavlticfl,  certain  poeitioDs 
are  more  endurable  than  others,  according  as  they  cause  the 
fluid  to  press  upon  certain  organs.  The  pleuritic  patient  naiur- 
ally  lies  in  the  positioTi  which  relieves  hi.^  Inng  as  much  as  p 
Bible  from  the  procure  of  the  fluid  Eiocnniulatiun.  In  dropsy,  thfr' 
fluid  percolating  hetween  the  spaces  of  the  areolar  tissue  accu- 
mulates in  the  feot,  and  may  cause  but  little  discomfoi*t.  When 
it  begins  to  rise  into  the  lege  the  increasing  pressure  produ 
pain,  and  may  even  result  in  rupture  of  tne  akin.  Change  of 
position,  by  keeping  the  fuel  elevated,  brings  relief  by  reducing 
rln'  height,  of  the  coluniti  nf  li_(piid  which  produces  the  pressure. 

In  the  construction  of  the  piers  for  bridges,  where  men  arc 
sometimes  obliged  tu  work  in  caissons  under  the  pres-sure  of 
column  of  water  .-jixty  or  seventy  feet  in  depth,  they  pass  througb' 
an  intermediate  valve  or  chamber  to  reach  the  open  air,     Tho 
the  evil  coii^oquonces  of  a  sudden  passage  from  extraordinary 
to  ordinary  pressures  are  to  a  large  extent  avoided. 

In  the  t*hmation  of  tho  pressure  at  various  depths,  it  is  well 
to  remember  that  the  increase  is  very  nearly  one  pound  to  the 
s»/uare  inch  for  even;  tivo  feet  of  depth.  Ilence  it  is  that  when 
a  ship  founders  a.t  sea,  or  a  whale-boat  is  drawn  to  »  great 
depth,  the  wood  does  not  again  rise  to  the  surface.  Every  pore  . 
has  become  charged  with  the  sea  water,  and  its  buoyancy  is  losU-^H 

In  houses  in  wliich  water  is  distributed  throughout  tlio  build- ^^| 
ing,  the  usual  boiler  or  receptacle  for  hot  water  in  the  vicinity 
of  the  kitchen  range  affords  an  example  of  the  application  of       i 
vertical   pressure,  and  of  Pascal's  law.     The  pressure  on  the        J 
wails  of  such  a  boiler  is  far  greater  tliun  would  be  supposed. 
It  is  conliiLUully  nntler  a  very  heavy  strain,  since  from  ii,  tubes 
pass  often  through  many  stories  to  a  height  of  sixty  feet,  or  even 
more.    The  pressure  on  every  square  inch  of  the  boiler  is,  there- 
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TO  nearly  3(1  poumU.     If,  while  under  this  strain,  tlie 

water  Ik;  allowed  to  boil  strongly,  or  a  stopcock  be  siiddeuly 

cloBcd.  the  thin  nietiil  of  which  the  apparatus  is  made  HomelimcB 

vielda,  and  serious  eonBcuoenccs  result  from  the  outHow  of  scald- 

[liiewater. 

Where  allowance  is  to  be  made  for  the  netunl  weight  of  a 
[mass  of  water,  or  of  its  volume,  it  may  be  estimated  on  the  basis 
:  that  one  tnibic/oot  of  tDoter  weighs  nearly  f{2J  poumiSy  and  nrnmires 
nenrly  6  J  tftiilons. 

98.  Vertieal  TTpword  Pressure  i»  a  natural  sequent  of  the  pre- 
tng.  It  is  very  evident,  when  we  altempt  to  pre^s  the  hand 
down  in  such  a  heavy  fluid  as  mercury,  or  wheu  we  seek  (o 
pirk  up  Bome  ohject  in  water  four  or  five  feet  in  depth.  Tlie 
upward  pretijjure  of  a  liquid  is  culled  its  I'Uoif'tHcy;   it  is  ]>ropor* 

■  tionat  to  the  specific  gravity  of  the  fluid.  An  ^xani[>le  of  this 
id  afforded  in  the  greater  buoyant  power  of  sea  water  compared 
with  fresh  water,  when  wn  attempt  to  swim  therein.  The  urino- 
motcr  and  all  similar  instruments  depend  upon  the  sum  of  the 
Ku)>ward  pressures  of  llie  layers  of  fluid  through  ivhich  they  pass, 
Bfor  their  action.  The  forcing  of  the  lung  into  the  upper  riart 
of  the  pleural  i-avily  hy  effusion  in  (he  chest,  is  also  aepeudent 
upon  this  upward  pressure  of  fluids. 

The  laws  governing  the  upward  pressure  of  fluids  are  the 
.6  M  those  for  downward  pressure. 
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94.  Lateral  Pressnre  in  LiqnidB. — In  the  construction  of  water 
tanks  in  the  upper  stories  ot  dwellings,  the  question  of  pressure 
on  the  sideit  of  the  tank  often  becomes  a  matter  of  importance. 
The  general  law  tor  such  pree^ure,  is  that  it  **i>  (quftl  to  the 
vdght  of  a  aduynn  of  Utjuiif,  ir/u'ch  has  this  portion  of  the  side  for  its 
anii  irhn.^e  hf'-qhl  i»  the  rertival  (h'.ttftnre  from  the  centre  of  ^ramty 
the  yor'iou  tv  the  surfwc  of  the  Ofjuid." 

From  the  above  law,  it  is  evident  that  it  is  better  to  give  such 
litnks  considerable  area  of  bottom,  and  small  altitude.  There 
)»  then  but  Httlc  pressure  ou  the  sides,  and  the  great  area  of 
base  distributes  the  weight  better  over  the  beams  of  the  floor. 

Where  cemented  walls  of  masonry  are  constructed  to  keep 
banks  of  soil  in  position,  openings  sliotihi  always  be  left  In  the 
lower  parts  to  allow  for  the  escape  of  accumulations  of  water. 
If  this  is  not  done,  the  soil  being  wetted  by  a  heavj'  rain,  loses 
ils  consistency,  and  acting  like  a  fluid  mnss  will  overthrow  the 
wall,  which  cannot  alone  resist  the  pressure. 

ndstidps,  which  arc  so  often  aitemled   hv  terrible  results, 
iflllv  when  they  occur  along  the  banks  of  railway  cuttings, 
Are  protfuced  In  a  similar  manner.     The  incunilicnt  mass  of 
vartli  rests  on  a  stratum  formed  of  clay  of  a  peculiar  consistency. 
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Fig.  13. 


When  the  latter  becomes  soft  by  the  percolation  of  water,  it  loses 
its  sustaining  power,  and  being  for  practical  purposes  reduced 
to  the  condition  of  a  liquid,  permits  the  whole  mass  of  earth  to 
slide  down,  as  it  would  sink  in  water. 

95.  Eqailibriam  of  Floating  Bodies. — Two  forces  act  on  a  float- 
ing body,  viz.,  its  gravity,  which  forces  it  downwards,  and  the 

buoyant  power  of  the  liquid,  which  presses  it 
upwards.  The  conditions  of  equilibrium  under 
these  circumstances  are: 

Ist.  The  JioifO'ng  body  must  displace  a  volume  of 
the  Uqukl  of  equal  weight. 

2d.  The  centre  of  gravity  of  the  floating  body 
must  he  in  the  same  vertical  line  with  that  of  the  dis- 
pbiced  fluid. 

The  above  principles,  together  with  the  eftects 
of  variation  in  the  specific  gravity  of  the  float- 
ing object,  are  beautifully  shown  in  the  toy 
known  as  the  Cartesian  diver,  Fig.  13,  in  which 
A  is  a  cylindrical  vessel  tilled  with  alcohol  and 
water,  in  which  a  small  glass  figure  containing 
air  floats.  The  mouth  of  the  vessel  is  closed  by 
a  sheet  of  India-rubber.  AVhen  pressure  is 
made  on  the  rubber,  the  air  in  the  upper  part  of 
the  cylinder  is  compressed,  the  pressure  is  trans- 
mitted to  the  fluid,  which  is  forced  through  an 
aperture  into  the  interior  of  the  figure.  The 
specific  gravity  of  tlie  figure  being  increased,  it  sinks;  release 
of  pressure  produces  the  opposite  ctFect. 

A  device  somewhat  similar  to  the  preceding  is  found  in  the 
swimming  bladder  of  fishes.  By  allowing  a  part  of  the  air  con- 
tained therein  to  escape,  they  increase  their  specific  gravity  and 
sink.  By  increasing  the  included  air,  the  l>ody  becomes  lighter 
and  rises.  Tliese  movements  are  thus  accomplished  with 
scarcely  any  muscular  eftbrt. 

96.  Stability  of  Floating  Bodiea. — As  the  whole  weight  of  a 
botly  is  regarded  as  being  lodged  in  its  centre  of  gravity,  so  its 
whole  flotation  power  may  be  regarded  as  being  concentrated 
in  its  centre  of  buoyancy.  The  centre  of  buoyancy  is  the  centre 
of  a^ravity  of  the  fluid  displaced  by  the  body. 

That  a  floating  body  shall  be  stable  and  maintain  its  proper 
position  in  the  fluid,  its  centre  of  gravity  must  be  exactly  below 
its  centre  of  buoyancy.  In  the  stowing  of  a  ship's  cargo  this  is 
carefully  attended  to,  otherwise  she  will  capsize.  It  has  hap- 
pened that  when  salt,  sugar,  or  other  substances  soluble  in 
water,  have  been  placed  in  the  hold,  and  water  has  gained 
access  to  the  interior  of  the  vessel,  the  salt  or  sugar  dissolving 
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ill  tbe  water  hut  been  ptiiiiped  out  in  the  bilpe-water.    The  trim 
of  llie  vessel  being  thus  dealroyed,  shipwreck  has  followed. 

97.  Hydroftatic  Teit  in  Iniiuiticide. — Advantage  h  taken  of  tbe 
principle  of  flotation,  in  what  is  called  the  Itydrostutic  teet  for 
ibu  exuniinatton  of  tiuppoi^ed  cuHes  of  inthnticide  mid  murder. 
Tbe  lungs  of  a  ftrtns  never  having  been  intlated  with  air,  have 
little  or  no  power  of  flotHtion.  If,  on  tlic  contrary,  the  child  has 
been  born  und  has  breathed,  the  luni^  having  l>cen  once  dis- 
tended  with  air  bare  considerable  flotfttiou  potver,  of  which 
they  can  only  bo  partially  deprived. 

In  a  post-mortem,  under  such  eii\7umstaneeH,  the  hydrostatic 
test  should  never  be  neglected.  Errors  may,  however,  arise. 
The  bepnti/ed  lung  uf  an  infant  would  have  hut  sli^lit  flotation 
power.  Putrefaction  of  the  Inng  of  a  fccitus  fills  it  wilb  gas, 
and  gives  it  considerable  flotation  power.  Both  of  these  errors 
arc,  however,  avoided  by  proper  precautions.  Regarding  the 
BupiK)»ed  fallaeios  of  the  hydrostatic  test,  Woodman  and  Tidy 
in  ineir  "Toxii^ology "  say: 

1st,  If  wc  lake  care  that  the  water  is  cool  (not  al>ove  62* 
Fahrenheit);  2d,  If  we  renieiuber  to  cut  tbe  lungs  into  piecea, 

'  if  the  whole  do  not  float;  and,  3d,  If  we  mmbiiie  pressure  with 
the  floating,  there  is  in  reality  no  fallacy  except  tlie  difficulty  of 
distingnishinecasea  of  artiticial  inflation  from  those  of  natural 
brfcatbiiig.     Vi'l-  suppoae  it  most  be  conceded  that  it  is  not  pos- 

'  tible  to  ili6tinu;iii»h,  by  any  certain  tests,  the  dillcrences  between 
luuga  natural)^'  expanded  by  breathing,  and  those  arlitieially  ex- 
panded by  breathing  into  them.  Though,  as  a  generally  true 
statement,  it  may  be  said  that  liatys  artijidatltf  injhtkd  art.*  almost 
Sure,  to  be  cniph(»finnlous  in  a  far  higher  degree  than  is  probable 
in  lungs  of  the  newly  born  which  have  not  been  so  treated. 

The  conditions  oC  the  lungs  in  the  two  cases  arc  given  by  the 
eanie  authurilies,  as  follows: 


LuTufK  wAuK  Kat4  not  brtal/iett. 
1.  Dark  in  n>lor(t>lii(<k,  blno,  miinxin 
«  wir|»lft).     Thry  rwpmlil*  livdr. 
i  Ail^vwiclw  n<rt 


not  cnpiuit  or  emclcU  when 
,  orcniL 

'4.  (.*<T>lfttn  hnt  liltlo  blood,  thn«for> 
Itttle  fvoipna  on  wc4iun. 

6.  Till*  blnod  is  not    frolhjt,  udIcm 
llwrv  U  ]>unvf action. 

ft.  Thftjr  Mnk  tn  water,  unl«»  pulritl, 
ud  ofloa  ««cn  tlivn. 


7.  Tb«  bubble*  of  (;u  mitlne  ttam 
puUe^Uttn  MB  be  ftjuefKcd  (tut. 


iMttga  wAidA  AoM  breathed. 

1.  Light  in    color  (roie-pStik,    pnlar 
pink,  li^ht  nnl,  or  orinunn). 
vifibia   ^)   tiKkcd       1.  Air-vi-«ivlc»    (]i»tln«tiy    vieibU    to 
naked  eye,  or  to  Iciu  uf  low  |N>wcr  (any 
iL  tw'djtK'h  <>r  CDtnmon  muliiij;  sImm). 


i.  Thoy  cnipiUle  or  vmckl«  meljr. 

4.  OnobuBagKoddpnlofblnod,  whitih 
etca|NB  fraily  on  Hctiun 

a  Tbi*  bliiod  ij  freely  mixed  with  air, 
snd  tbrrefont  Truthy. 

S  Thoy  Anni.  in  wnter,  or,  st  hII 
ovcnt*.  tbo  parta  which  hav«  Xmku  ki- 
|»nd«<l  or  hHva  brvatbed.  \t  taWy  eK< 
pitidad,  tbey   will  tven  buoy   up  the 

7.  Tbe  sir  oannot  b«  «Mily  tqueeKed 
out. 
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98.  Evidence  of  Death  by  Drowning. — The  manDer  of  d^th  of 
a  corpse  found  in  water  is  often  a  question  of  importance,  and 
is  not  always  easily  settled.  Persona  who  are  drowning,  in  their 
struggles  expel  a  large  part  of  the  air  from  their  lunge  and  other 
organs.  They  also  swallow  a  considerable  amount  of  water; 
the  specific  gravity  of  the  body  is  thereby  so  much  increased 
that  it  usually  sinks.  Persons,  on  the  contrary,  who  have  been 
killed,  aud  then  thrown  into  the  water,  not  having  expelled  the 
air  from  their  bodies,  may  float  near  the  surface. 

If,  therefore,  a  corpse  in  which  there  are  no  evidences  of 
putrefaction,  and  in  which  death  has  only  recently  occurred  ie 
found  floating,  the  presumption  is  that  the  person  was  murdered, 
and  then  cast  into  the  water,  though  there  may  be  no  evidence 
of  external  violence.  It  is  true  that,  after  putrefaction  sets  in, 
the  body  of  a  drowned  person  comes  to  the  surface.  The  cause, 
in  this  case,  is  the  accumulation  of  gases  from  the  putrefactive 
process.  These  have  diminished  the  specific  gravity  of  the 
body  by  increasing  its  bulk.  In  this  case  the  sense  of  smell 
quickh'  shows  the  possible  cause  of  flotation.  We  cannot  tell 
from  flotation  alone  whether  death  occurred  before  or  after  im- 
mersion in  water. 

Allowance  must,  of  course,  be  made  in  this  matter  for  the 
diflerenee  between  the  flotation  power  of  the  fresh  water  of 
interior  regions  and  the  brackish  or  salt  water  of  sea-coast 
towns.  The  specific  gra^-ity  of  the  latter  being  often  as  high  as 
1028,  a  corpse  would  float  easily  therein  which  would  sink  in 
the  waters  of  an  inland  pond,  lake,  or  river. 

Death  by  drowning  may  be  produced  bv  a  very  small  quantity 
of  water.  The  following  case  occurred  inlN^ew  York.  A  gentle- 
man was  taking  a  face  bath  in  a  basin  with  about  an  inch  of  water 
in  it;  in  some  way  he  managed  to  drown  himself,  and  was 
found  with  his  face  in  the  water.  Whether  it  was  a  case  of 
suicide  or  not,  was  a  subject  of  question.  Instances  are  not  un* 
common,  in  which  persons  have  been  accidentally  thrown  with 
their  faces  down  in  soft  mud,  and  have  expired  in  that  position 
by  drowning. 

According  to  Woodman  and  Tidy ;  Fat  people  float  the  beat 
Women  better  than  men.  Fat  young  children  and  infants 
better  than  women.  Bony,  lean  persons  not  at  all.  Sometimes 
bodies  do  not  sink  in  sea-water. 

When  weights  are  found  attached  to  a  corpse  in  the  water, 
especial  care  should  be  taken  to  remark  the  manner  in  which 
they  are  attached,  and  the  conditions  of  the  parts,  to  determine 
whether  it  was  possible  for  the  person  to  have  attached  them 
before  death. 

In  spite  of  the  great  flotation  power  of  decomposing  corpses, 
they  frequently  do  not  rise  to  the  surface  for  a  long  time.     In 
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such  ioBtancee,  they  arc  either  caupht  by  sonio  heavy  object,  or 
twrtly  covered  by  mud  or  &aiid.  In  the  latter  case,  it  is  said 
tM>dic8  have  sometime;^  been  detnrlied  from  their  moorings  by 
tiring  cannon  over  the  water.  The  shook  of  the  discharge  trans- 
uiittod  tlirough  the  air  to  tlie  wHter,  Jars  the  corpse,  and  so 
loosens  it  from  ite  attachmente. 

99-  Eqnilibriam  of  a  Liquid  in  Commaoicating  Vessels. — If  tubca 

veagels  of  diflfcrenC  fornix  all  0|)en  into  one  another  below, 

Fig.  14,  A,  B,  Cy  D,  and  water  be  poured  into  the  vase  A, 

Fio.  M. 
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'it  will  stand  at  the  same  horizontal  level   in   all  the  tnbes. 

Hence,  in  the  supnly  of  water  to  the  houses  of  cities,  all  other 

tirniga  being  equal,  the  water  from  the  common  reservoir  will 

riw-  to  the  same  level  in  all.     At  positions  very  distant  from  the 

(reservoir,  and  with  a  heavy  drain  at  numerous  points  upon  the 

Vtupplv  passing  along  the  main  pipes,  this  will  not  be  (rue.     If" 

the  iimovint  drawn  off  is  autficient,  there  may  be  none  at  all  at 

llhe  distant  ]<oint«.     The  moment,  however,  the  escape  of  the 

rwater  is  stopped,  the  law  reasserts  itself,  and  the  fluid  rises  to 

[the  Mrae  level  in  all  parts  of  the  system. 

100.  Hatoral  Springs. — These  are  foniied  when  the  level  of 
!tlie  water  in  certain  strata  rises  above  tlie  edge  of  the  retaining 
'basin  in  which  it  is  held.  As  in  the  preceding  system  of  tubes, 
the  lowest  one  would  determine  the  possible  height  of  the  fluid 
iu  the  ot^iers,  and  the  fluid  would  escape  from  it.  So  the  lowest 
point  in  the  edge  of  a  natural  basin  permits  the  overflow  of  its 
liquid  contents,  and  a  spring  is  formed. 

I    The  same  result  is  attained  when   wells  are  sunk  into  a 
'stntom  in  which  water  is  lodged  or  flowing.    The  water  rises 
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in  the  cavity  of  the  well  to  the  same  height  it  hrw  in  the  etratara. 
We  uiay,  ihereiore,  regard  wellif  us  being  in  reality  springe, 
when  thev  tap  an  nndergrmind  flowingstreain,  aad  the  water 
18  as  good  as  that  of  a  Itvin|f  spring,  wlien,  on  the  contrary, 
they  strike  a  stagnant  bamn  of  water,  it,  as  a  rule,  is  not  as 
good  aa  ihat  obtained  from  the  flowing  stream. 

If  the  strata  in  which  water  is  hxlgcd,  or  through  which  it 
has  passed,  contain  mineral  Bubstanccit,  aa  salt  or  chloride  of 
sodium,  Epsom  salt  or  sulphate  of  iuugne>«ia,  and  other  sub- 
stances  soluble  in  wulcr,  ihcee  are  dii-solvud  and  constitute 
natural  mineral  imlers. 

If  the  mineral  water  contains  ouly  ]mrgative'  salts,  it  is  called 
taiine. 

If  it  contains  these  bodies,  and  is  also  freely  charged  with 
carbonic  gas,  it  is  called  fffervesceni  saline. 

If  it  contains  iron  compounds,  it  is  called  chalyhaite. 

If  it  contains  sulphuretted  hydrogen,  it  is  called  hq>atic. 

If  it  conttuna  iodides,  bromides,  or  arsenic,  it  is  called  aitrratitt. 

101.  Wella  and  Sewage. — Whenever  wells  are  constructed  in 
the  vicinity  of  cietwpoulH,  if  the  level  of  the  water  in  tlie  well  he 
lower  than  that  in  the  cesspool,  it  will  sooner  or  later  be  con- 
taminated with  the  noxious  jiruducts  of  sewiujc,  on  the  princi- 
ples laid  down  in  the  preceding  articles,  in  the  vicinity  of 
cenietc'ries,  also,  the  same  thing  lias  occurred,  aud  persons  "who 
have  used  the  water  in  either  of  ttioKo  eases  for  the  purpose  of 
drinking,  have  suffered  from  typhoid  fever  and  other  diseases, 
the  germs  of  w^hich  have  been  in  this  manner  conveyed  into 
their  bodies. 

Where  wells  are  dug  in  gardens,  or  in  close  vicinity  to  stflblea 
or  barnyards,  the  greatest  care  ahould  be  taken  that  no  surface 
water  from  either  of  these  sources  reaches  them,  either  ill 
heavy  slorms  or  by  nertuilating  through  the  soil. 

All  water  that  lalla  on  the  earth  must  he  more  or  less  con- 
taminated with  the  organic  matter  with  which  it  comes  in  con- 
tact on  its  surbice.  Ai*  it  panses  to  greater  depths,  and  is  spread 
throughout  seams  in  rocks,  ami  la3'ers  of  sand  find  gravel,  the 
oxygen  it  obtains  from  the  air  in  these  strata  oxidizes  or  destroys 
these  organic  impurities.  The  water  from  springs  and  wells 
that  are  deep  in  their  origin,  though  they  may  contain  mineral 
ingredients,  are  free  from  such  dangerous  organic  substances  as 
are  found  in  superficial  water».  When  water  from  deep  springs 
is  not  available,  it  is  luueh  better  to  uise  raiti  water,  which  Itas 
accumulated  in  cisterns,  lined  with  hydraulic  cement,  than  to 
use  surface  waters. 

102.  Artesian  Wells  oiter  uuothcr  illustration  of  the  tendency 
of  water  to  rise  to  its  own  level.     la  true  art«siau  wells  the 
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upon  tlie  mercury  at  the  bottom  will  force  the  mercurv  up  tlie 
oppowtp  tube,  H,  and  cau^c'it  to  rise  about  one  iucli  above  ita 
former  level.  Wa  have  already  seen  (83)  that  tlie  Bpceilic 
gravity  of  mercurr  is  more  tban  lUirteeii  and  a  balf  rinius  that 
of  water,  it  tberefore  followM  tliat:  In  eommnnwating  newels,  tim 
liouids  of  different  densities  will  be  in  e^uiUbrium  tf  A«i  (heir  heights 
affove  (he  borizofiteU  surfatx  of  coniact  are  in  the  inrerse  ratio  of  ihar 
densities. 

104.  Pressure  on  the  Bottom  of  a  Te&s«l  is  Independent  of  its 
Shape. — Let  a  coiiicjil  vessel  be  in  com tnuni cation  by  its  bottom 
with  a  narrow  tube  beut  »o  tut  to  ris«  vertically  alongside  of  the 
eonical  ve*se].  Fill  the  bend  of  the  tube  with  meruury.  l*our 
water  into  the  conical  vessel,  the  pressure  of  the  water  upon  the 
mercury  will  cause  it  to  rise  to  a  certain  heiebt  in  the  narr<iw 
tube.  Hcniovo  the  eonical  vcbscI  and  Kub^iitute  in  iltt  ])laec  » 
tulie  the  sides  of  which  are  parallel,  or  even  form  ao  iuverte<l 
cone  when  it  is  plaeod  in  position.  Filling  this  with  water  so 
as  to  have  a  column  of  the  fiame  height  as  in  the  first  co«e,  the 
mcrcur}'  rises  to  the  (>juiie  htii^ht  in  the  narrow  tube,  showing 
that  it  is  submitted  to  the  same  pressure. 

In  (ill)  we  have  spoken  of  the  caue«  of  pain  in  the  bladder 
when  the  muBcuIar  coat  ib  too  much  distendoil.  Wo  now  eee 
how  the  ri«e  of  the  fluid  in  the  ureters  may  tfufficc  to  produce 
this  distentiou,  since  the  pressure  exerted  in  a  liquid  ixiass  does 
not  depend  upon  the  quantity,  but  upon  the  height  of  the 
column  of  fluid  produein.fi:  the  prGssurc. 

106.  HeterogeaeoQs  Liquids  Arrange  Themselves  in  Order  of 
Density. — If  petroleum,  aleohol,  satui-al^^d  solution  of  i-ausiie 
potash,  nnd  mercury  be  poured  into  a  bottle,  tbey  will  arrange 
tlifinselves  in  the  order  given,  the  mercury  being  below.  The 
liglid'r  liquids,  each  according  to  its  spooitie  gravity,  floats  on  the 
next  denser  one. 

Aq  application  of  thi«  principle  is  shown  in  the  method  of 
determining  tin*  amount  of  tiUtuioi  in  teinei^  by  the  luirbonate  of 
potash.  In  a  graduated  tube,  a  measured  nuantity  of  the  wine 
18  placed,  dry  carbonate  of  [lotaeh  is  added,  tliis  dissolves  in  the 
water  of  the  wine,  und  tlie  alcoliol  being  separated  lloats  on  the 
surface  of  the  carbonate  of  potash  solution.  It  only  remains  lo 
read  off  the  dcptli  of  the  layor  of  alcohol,  and  compare  it  with 
the  cjuantity  of  wine  employed.  Wc  have  a  very  fair  approxi- 
tnaliuti  to  ihu  percentage  of  alcohol  iti  the  wine  exumincd. 

The  determination  of  the  amount  of  i-reurn  in  milk  is  arrived 
at  in  tlie  same  way.  A  tube,  known  as  the  <Twm  'uV,  gradu- 
ated to  100  divisions,  is  filletl  with  new  milk.  This  is  set 
aside  for  21  hours.     Tlie  cream,  as  it  separates,  being  lighter 
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CHAPTER   VIII. 


HYDROMETERS. 

Baum^'s  hydrometer — Urinometer — Lactometers,  vinomctere,  salinieters — Densi- 
meter— Alcoholometer  of  Guy  Luseac — Alcohol  in  wine  and  beer — Poat-mor- 
tem  detection  of  alcohol. 

Hydrousters  are  instruments  for  the  determination  of  the 
specific  gravity  of  liquids.  They  depend  for  their  action  upon 
the  principles  discussed  in  the  preceding  articles.  In  the  form 
of  Nicholson's  hydrometer,  as  we  have  seen  (55),  they  may  also 
he  applied  to  the  determination  of  the  specific  gravity  of  solids. 

107.  Baume'B  Hydrometer  was  the  first  of  a  series  of  instru- 
ments of  its  type.  The  principle  of  flotation  involved  Q95) 
is  that  in  Nicholson's  hydrometer.  It  consists 
of  an  elongated  glass  bulb  or  float,  A,  which 
terminates  below  in  a  small  hulb,  B,  containing 
mercury  or  shot  as  a  ballast  to  keep  the  instru- 
ment erect  when  placed  in  fluid,  and  sink  it  to 
a  proper  depth.  From  the  upper  part  of  the  float 
a  light  tube,  C,  projects,  in  which  a  scale  is 
placed. 

This  instrument,  in  its  first  form,  is  used  bj'^ 
manufacturers  for  the  examination  of  liquids 
heavier  than  water,  as  syrups,  acids,  and  saline 
solutions.  The  graduation  is  conventional;  it  is 
■  made  as  follows :  The  apparatus  being  so  con- 
structed and  ballasted  that  it  sinks  in  pure  water 
nearly  to  the  top  of  the  stem,  this  point  is  marked 
Bniiine's  ^^  thc  zcro  of  thc  scale.     It  is  then  placed  in  a 

hyiin..ii.ur.  solutlou  of  fifteen  parts  of  rock  salt  to  eighty- 

five  of  pure  water.  The  line  the  solution  makes 
on  the  stem  is  then  marked,  and  the  value  fifteen  given  to  it. 
The  distance  between  0  and  15  is  then  divided  into  fifteen  equal 
parts,  and  the  scale  so  obtained  is  extended. 

For  liquids  of  less  density  than  water,  the  plan  is  as  follows: 
A  solution  of  salt,  ten  parts,  and  water,  ninety,  being  made,  the 
instrument  is  placed  therein  and  the  level  marked.  To  this  the 
value  0°  is  given;  it  falls  near  the  bottom  of  the  stem.  The  in- 
strument is  then  placed  in  distilled  water,  and  the  level  on  the 
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scale  again  mnrkod,  the  value  10"  bt-niET  (ittnched.  This  di». 
tance  in  tlit-ii  tiiviJed  intu  ten  p&rta,  and  the  Hcale  cuuliuueO  to 
tlie  top  of  ttie  6teii). 

Thece  instruments  do  not  determine  the  specific  gravity,  yet 
tboy  lire  very  exttMi!*ively  ubcU.  The  rfudiugs  are  always  given 
as  fto  many  degrees  Baum^. 

108.  The  TTrinometer  is  a  reproduction  of  the  first  form  of  tlie 
preceding,  tlio  diU'urence  being  that  in  place  of  an  arhitrary 
scale,  it  has  reailingn  which  reprcBcnt  the  spceitic  gravity  of  Uie 
duid  nnder  examination.  The  gniduutinn  m  made  an  ioIIowa; 
The  inntrudU'iit  U  placed  in  pure  water,  it  dinki*  nearly  to  the 
lop.  This  is  marked,  and  llie  value  0°  or  lOOfl  givun  to  it, 
Solutions  of  salt  and  water  of  difierent  specific  gravities—^.  ^., 
lOtO,  1020  to  10<)0,  are  then  prepared  by  means  of  the  Bpecitic 
gravity  bottle  (S2),  and  tJic  iuBtrumcut  placed  aucccBsively  in 
rh«fle.  The  lines  corresponding  to  the  levels  of  the  diilerent 
polutions  being  marked,  the  intervening  spaces  are  each  divided 
into  ten  parts,  and  the  Mcale  fto  completed.  To  the  figures  10, 
20,  aUuched  to  the  i>ciile,  1000  it*  to  be 
added,  when  the  ijraviiy  compared  with 
water  as  1000  Is  obtaiued.  They  are  for 
convenience  graduated  at  15"*  C,  and  (*houlil 
be  read  at  that  temperature.  Various  forms 
of  llie  instrument  are  rcpreeeut^d  at  A,  B, 
C,  Fig.  Ul. 

The  following  rules  for  thi'-  examinalion  and 
UAt  of  Otia  ouirametit  are  reconimeuded  to  the 
student. 

let.  Do  not  purchase  an  instrument  with- 
out examining  it  with  water  to  see  if  the  0° 
of  the  jtealo  is  correct.  If  tins  is  in  error, 
it  ia  evident  that  an  ho  little  pains  has  been 
taken  to  have  tlie  initial  point  exact,  no  re- 
liance is  to  be  piaceil  on  tlie  reel  of  tho 
graduation.  It  is  (ru<j  that  the  7.ero  may  ho 
right,  and  yet  the  rest  of  the  scale  incorreci. 
Any  emir  of  that  descriplion  cau  only  be  de- 
tennincd  by  compariBon  with  a  standard  in- 
ment,  (he  accuracy  of  which  has  been 
.rL-d  by  the  Hpeeitie  gravity  bottle. 

fxmring  the  liquid  into  the  cylinder  hold  it  obliquely, 
^^  u  of  about  4.'i''.  The  fluid  will  then  (low  gently  down 
tlic  side  of  tlie  cylinder,  without  forming  »  foam.  The  presence 
of  foam  or  of  buhbles  seriously  interferes  with  the  reading  of 
tho  wale.  It  may  bo  removed  by  a  drop  of  ether,  but  it  is  better 
to  avoid  its  formation. 
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3d.  Stand  with  the  back  to  the  window  or  other  source  of 
light  that  the  scale  may  be  as  brightly  illuminated  as  possible, 
and  also  that  the  eyes  may  be  protected  from  the  light. 

4th.  The  urinometer  having  been  placed  in  the  liquid,  and 
there  being  sufficient  fluid  to  float  it  freely,  the  cylinder  is  then 
to  be  held  by  the  top,  between  the  thumb  and  index  finger.  It 
should  be  held  loosely,  that  it  may  hang  perpendicularly  like  a 
plummet.  By  this  device  the  tendency  of  the  urinometer  to 
become  attached  to  the  sides  of  the  vessel  will  be  lessened,  and 
greater  facility  for  correct  reading  attained. 

5th.  The  level  of  the  fluid  in  the  cylinder  must  be  brought  to 
the  same  level  as  the  eye.  The  horizontal  line  is  easily  obtained 
\vith  sufficient  accuracy,  by  selecting  some  object  or  point  on 
the  opposite  side  of  the  room,  at  the  same  height  from  the  floor 
as  is  the  height  of  the  eye  of  the  reader.  The  level  of  the  fluid 
is  then  brought  to  this  line. 

6th.  The  fluid  in  the  cylinder  will  be  seen  to  rise  as  it  ap- 
proaches its  sides.  The  liquid,  therefore,  has  a  curved  instead 
of  a  plane  surface.  To  avoid  the  error  caused  thereby,  the 
reading  should  always  be  made  where  the  lower  convexity  of 
the  curve  cuts  the  scale  of  the  urinometer.  It  is  also  well  to . 
form  the  habit  of  counting  backwards,  that  is,  in  reading  a 
gravity  of  1017,  for  example,  read  from  1020°  upwards,  ra&er 
than  from  1015°  downwards.  The  value  of  this  device  will  be 
quickly  seen  in  practical  working. 

7th.  There  is  always  a  tendency  to  error  from  the  urinometer 
hugging  the  sides  of  the  cylinder.  To  avoid  this  at  least  three 
readings  should  be  made,  the  urinometer  being  gently  touched 
at  its  top  between  each  reading  to  make  it  vibrate  and  break  up 
any  adhesions  it  may  have  formed  to  the  wall  of  the  cylinder. 

From  the  readings  of  specitic  gravity  of  urine  by  iirinometers, 
the  attempt  has  been  made  to  calculate  the  quantity  of  solid  matter 
therein.  Tables  for  this  purpose  are  given  in  various  works,  hut 
they  are  only  approximate,  since  the  quantity  of  solid  matter  de- 
pends on  the  nature  of  the  ingredient  of  the  urine  which  is  in 
excess.  It,  of  course,  requires  a  much  larger  quantity  of  an  in- 
gredient of  small  specific  gravity,  than  of  one  with  a  great 
gravity,  to  make  a  difterence  of  a  reading  of  one  degree  in  the 
gravity  of  the  whole  mass  of  liquid.  The  only  correct  method 
for  the  determination  of  the  actual  quantity  of  solid  residue  is 
to  evaporate  a  known  weight  or  volume  of  the  urine,  or  other 
liquid  to  dryness,  and  to  weigh  the  resulting  residue,  with 
proper  precautions  for  preventing  the  absorption  of  moisture 
during  the  cooling  and  weighing  of  the  mass. 

109.  Lactometers,  Tinometers,  Sallmeters,  are  instruments  on 
the  same  principle  as  Baunie's  hydrometer.     They  do  not  give 
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sci6c  pnivity.  but  aru  ititeudeil  to  show  whelber  ur  n(» 
water  btis  be«n  iiddeil  tu  tbu  fluid  fur  whicb  they  are  iiiljutitcd. 
They  have  little  or  no  scientific  vaJue,  especially  in  the  cj»6e  of 

I  the  so-called  lactomctur,  which  is  intended  to  detect  tho  addi- 
tion of  water  to  milk.  An  example  will  perhaps  best  illustrate 
tliu  pdiiil  in  nite:^tiiHi.  SuppoRo  a  rioh  specimen  of  milk  be 
given,  it  roL'ords  its  ricbnosson  tlie  lactometer  scale.  The  cream 
now  riboe.  and  being  ruinoved  or  skinitned  oft',  the  gravity  of  the 
milk  will  be  tuoreaaed.  My  the  addition  of  water  the  original 
gravity  may  he  restored,  bur  the  lactometer  fails  to  detect  as  an 
adulteration  tho  water  which  has  been  added. 

Another  verj-  simple  sophistication  is  to  add  to  the  milk, 
water  in  which  aome  kind  of  itmocuous  salt  ha^t  been  diHaolve<l, 
until  it  haa  the  »ame  gravity  an  that  of  unadulterated  milk. 
Again,  the  lactometer  U  deceived.  There  i»  only  one  reliable 
wav  to  ai>certaiu  the  addition  of  water  to  such  complex  or&;ani« 
6uiils  aa  milk  and  wine,  and  tbikt  is  by  a  quantitHlive  analjk'siSt 
in  which  the  actual  projiortious  of  the  water  and  of  other  leading 
ingredients  are  determined  by  weight. 

UO.  The  I>«niiiuet«r  i«  a  form  of  hydrometer  intended  for  the 
determination  of  the  specific  gra\nty  of  amall  quantities  of 
liquid. 

Rousseau's  deusimeter,  B'ig.  20,  cousiets  of  ati  ordinary  bydro- 
itni'ter,  H,  to  the  upper  part  of  the  stem  of  which,  C,  a  little 
[cylindrical  vessel.  A,  is  attached.    This  should 

ive  a  eapacit;^'  of  one  cubic  centimetre.   When  Pio.  SO. 

Jtbis   vessel   is   empty,  and  the  iosFlrument  is 

Ijtlaced  in  dit^tilled  water,  the  level  of  the  water 

Icrfwwos  the  0^  of  the  scalu,  which   in  at  the 

[bottom  «'f  the  «tem  It.     One  cubic  centimetre 

lof  water  is  now  introduced  by  a  pipette  into 

Itlio  cup  at  the  toji  of  tlie  stem,  when  the  in- 

itrument  sinks  iu  the  water,  and  the  level  on 

the  Htcm  it*  marked  and  the  value  20**  attached. 

The  &p«ce  between  O''  and  20°  is  then  divided 

into  twenty  parti^.  and  the  graduation  continued 

to  the  lop  of  the  Bcule.    The  stem  being  of  uni- 

'  )nn  bore,  each  division  repre«ent9  one-twen- 

'tielh  of  a  gramme  or  0.05. 

To  obtain   the  specific  gravity  of  a  liquid,  ■nr.hn^tmi.i. 

place  lite  appunitU!4  in  distilled  water.      Fnuii 
,'ubic  cenlitnetre  piivette  drop  1  cubic  centimetre 


qui 


ntu  tho  cup.  Suppose  the  water  cuts  the  scale  at  twenty  and 
mo-half  diviaionfl.  Then  Sfl./i  >  .0.'»  =  l.(V2S,  tho  apocific 
fravity  of  the  liquid,  water  being  1. 
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111.  The  Alcoholometer  of  Ony  Lnsaao  is  a  hydrometer  graduated 
to  show  the  percentage  of  alcohol  in  spirits,  or  in  mixtures  of 
alcohol  and  water.  It  is  similar  in  form  to 
Fio.  21.  Baurae's  hydrometer,  but  differs  therefrom  in 
that  the  water-line  or  0°  is  at  the  bottom  instead 
of  the  top  of  the  stem.  The  instrument  is  gradu- 
ated by  placing  it  iu  successive  mixtures  of 
alcohol  and  water  of  strengths  differing  in  pro- 
portion by  10  per  cent,  of  alcohol,  and  finally  in 
absolute  alcohol.  The  last  is  then  marked  100  per 
cent.  The  Unes  obtained  from  the  other  mixtures 
90,  80  to  0",  receive  their  respective  values.  The 
spaces  between  each  of  these  is  divided  into  10 
divisions,  each  of  these  subdivisions  marks  one  per 
cent,  of  alcohol  in  the  mixture.  To  the  stem  of 
the  instrument  another  graduation  representing 
specific  gravities  is  very  commonly  attached. 

^  112.  Determination  of  Alcohol  in  Wine  and  Beer. 

Aicoht.ium.-ter.  — Thc  determination  of  the  percentage  of  alcohol 
in  wines,  ales,  and  similar  liquids,  in  which  other 
substances  are  present,  is  as  follows.  A  known  quantity  of  the 
fluid  must  be  carefully  distilled,  until  the  whole  of  the  alcohol 
has  passed  over.  To  the  distillate  suflicient  distilled  water  is 
added  to  make  ift  volume  equal  to  the  original  volume  of  the 
wine  or  other  fluid  under  examination.  The  percentage  of 
alcohol  is  then  determined  by  the  alcoholometer,  when  the 
result  represents  the  percentage  in  the  original  liquid. 

113.  FoBt-mortem  Determination  of  Alcohol. — In  cases  of  the 
death  of  children  or  of  adults  by  alcohol  poisoning,  the  method 
to  be  followed  is  similar  to  that  detailed  above.  The  contents  of 
the  organs,  the  finely  chopped  brain,  or  other  tissue,  with  or 
without  mixture  with  water,  are  to  be  distilled  over  the  water- 
bath.  If  alcohol  is  present,  the  percentage  and  quantity  in  the 
distillate  may  be  determined  by  the  alcoholometer. 
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EVDKODYNAMIC8. 

'  DeAitilinti — Thvofcm  orTorri««llt — Oounc  of  ftrantn  IWm  Utcral  oponiog — Uoigbt 
(•f  -ttTvam  Trorn  vortk-iil  o|teoi[i^ — Form  and  iiu&ntily  of  cffluz—InllufrKfl  of 
tube*  on  rJHiix — Action  of  i-Iutio  Bjutai^M — Horemcnt  of  liijuitb  in  tulica— 
Fnnn  of  falUng  itrcam — Movemenl  in  infliuod  liitxr^^H/dniulic  tiiiirni<]iiir( 
— VelnHty  in  npvn  channcU^Tran^pnTtin);  pnw«r  of  Dowinx  w«t«r— SboaU 
•nd*«ws||C« — S«waf:e  and  nikUria— Formation  of  warea — S«a  wivm — Uou- 
onment  of  Wftvea — RetiflUnce  of  fluidi  to  moving  obJ«cts — M«cfaanl(»  of 
drculatlon  of  thn  blood. 

114.  Hydrodynamics  Defined. — Hf/ilrodynnmies  is  thai  hrmich  of 
pkjfsu-n  whirfi  treats  of  the  lairs  gotmmig  the  viotion  of  Jluuh.  Jt 
traminrs  into  the  iiumtier  and  rate  of  cstxipe  0/ Jtuids  from  outlets. 
ft  detmimes  the  eondiliona  ttnd  rate  0/  movements  in  ttifjes  and  in  oprn 
ihameli. 

115.  Theorem  of  Torricelli. — Tho  velocitji-  of  a  F'o.  22. 
molecule  of  a  liquid  eecupiiig  by  uii  upertiire  in 
the  wallii  of  a  vessel  is  the  Hiiiiie  ha  it  would  have 
if  it  fell  frcolvfroma  state  of  rent  at  the  mirfacc 
of  the  liquid  to  tho  centre  of  the  orififc. 

The  rttle  of  efflux  lUrpends,  tlierefore.  on  ihe 
depth  of  tIk;  o|nMhn)r.  A  H.  heiienth  lliu  sur- 
face of   Tho  liquid,  M   N.      It  is  immaterial 
whether  the  ontiue  bu  in  the  bottom  or  in  the      Ti.ni<>nr*  th.»M>. 
siile  uf   the    vessel.      DitVereiicu    in   specific  , 

grarit^V  *loe8  not  influonro  the  rate.  Water  has  tho  same  velocity 
as  lueroury,  provided  the  dianictor  of  oritice  and  depth  of  fluid 
flw  the  same. 


U6.  Course  of  Stream  from  Lateral  Opening. — The  aids  of  the 
opening  hein^  horizontal,  the  course  of  the  stream  i«,  at  the  first 
moment,  also  Itorizoiital,  hut  the  attraction  of  gravity  acting 
apoii  it  iniiiiediately,  the  partirlos  of  fluid  fall  from  the  hori- 
sontal.  and  assume  a  curved  lino. 

The  tinrves  thus  formed  arc  parabolic,  and,  aecording  as  ihe 
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pressure  at  the  orifice  is  greater,  so  do  the  parabolas  formed 
the  issuing  streams  vary. 

117.  Height  of  Stream  from  Vertical  Opening'. — From  the  prin- 
ciples  laid  down   iu  vertical   upward  pressure  (93),  a   stream 

issuing  from  an  orifice  opening  verti- 
cally upwards,  aa  at  A  in  Fig.  23, 
should  rise  to  the  level,  M  N,  of  the 
fluid  in  the  reservoir.  This  it  does 
not  do:  1st.  It  is  beaten  down  by  the 
falling  drops.  2d.  It  is  drawn  dowo 
hy  gravity.  3d.  It  is  resisted  by  the 
air.  If  uie  stream  is  slightly  inclined 
to  the  vertical,  as  at  B,  a  better 
result  is  obtained,  but  at  the  best  it 
only  reaches  about  -^  of  the  theoretical  height,  friction  of  the 
air  and  gravity  reducing  it  to  this  extent.  Allowing  for  these 
reductions,  the  result  sustains  the  theorem  of  Torricelli. 

118.  Form  and  ftnantity  of  Efflnx. — According  to  theory,  the 
amount  of  water  discharged  from  a  circular  opening  in  the 
thin  walls  of  a  vessel  should  be  expressed  by  the  formula 
Ai/2ffA,  in  which  A  is  the  area  of  the  opening,  jjt  the  accelerating 

force  of  gravity,  and  A  the  height  of  the  liquid. 
Actual  experiment  gives  a  very  different  result. 
Of  this,  Ganot  offers  the  following  discussion : 
Let  A  B  represent  an  opening  in  the  wall  of  a 
vessel.  Every  particle  above  will  attempt  to  pass 
out,  and  so  exert  pressure  on  those  around  it. 
Tliose  issuing  near  A  B  press  in  the  lines  M  M  and 
X  K ;  those  at  the  centre  in  the  line  R  Q,  and  the 
intermediate  ones  in  the  lines  PQPQ;  consequently 
the  water  in  the  space  ^Q  P  cannot  escape.  That 
which  does  pass  out  takes  the  form  of  a  truncated  cone,  or  vena 
contracia,  aiid  not  of  a  c^'Iinder,  until  it  has  reached  a  distance 
•from  the  orifice  equal  to  the  diameter  of  the  same.  The  area  of 
a  transverse  section  of  the  stream  at  this  point  is  0.62,  or 
about  I  that  of  the  orifice.  The  actual  quantity  passing  out  is, 
therefore,  but  five-eighths  of  what  might  have  been  expected 
from  the  diameter  of  the  opening. 

119.  Influence  of  Tubes  on  the  EfBox. — If  a  cylindrical  tube, 
having  a  length  two  or  three  times  its  diameter,  be  made  the 
channel  of  exit  of  the  fluid,  the  efihix  increases  to  0.82  of 
the   theoretical  quantity.     A  tube  of  proper  yiroportions,  and 

n  the  form  of  a  truncated  cone  with  its  base  at  the  opening,  may 
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be  made  ta  raiRO  tho  efflux  to  i).02.     If  the  emaller  end  of  the 
cone  be  adsipled  to  tlic  aperture,  the  incrcaae  is  etill  greater, 
and  verv  Hll!*-  below  the  thcorutical  qiiuntitv.     "      ' 
iho    name    aJHlmje    is    g^vcii.      Wlien    u 
cylindrical    ajutage   of    the    proportions 
(ilated  above  is  used,  the  water  on  enter- 
ing it  forms  a  vma  cmttracta.  A,  in  the 
•amc  manner  as  in  the  air;  it   then  ex- 
pands.    A  partial  i-acirwn  itt  thntt  formed 
m  the  position  indicated  in  Fig.  25.     If 
a    vertiuul    tulie,    B,   is    atlaclitKi    to    Ihc- 
^utaeo  at  thin  point,  and  its  lower  ex- 
tremity dipH  into  n  fluid,  the  latter  will 
ria«  in  tlie  inhe,  thus  demonatrntinp  the 

Bterice  of  the  vacuum, 
pon  the  above  principles,  or  flight 
lificatioHH  thereof,  various  mo<lcrn 
iianccs,  as  Buni>en'ti  lilter-pump.  Hit- 
's injector,  and  certain  forma  of 
atomiKinff  appanUuti,  commonly  used  in  medicine,  depend  for 
their  operation  (171  >. 


VM"\  in  Tiilo*. 


120.  Action  of  Slastic  A|Qta9e*< — If  an  elastic  lube  of  rubber 
be  adapted  to  an  outlet  in  a  ve»t:Bcl,  the  rate  of  elHux  is  the  same 
a&  br  a  ric;id  tube  having  a  diameter  equal  to  that  which  the 
«buitic  tube  asaumoK.  if,  tin  the  contrary,  the  (low  i^  by  any 
device  made  intcrniitient  the  results  are  entirely  difierenl.  The 
elajitic  tube  now  shows  a  notable  increase  in  etilux  over  the 
rietd  one.  The  manner  of  discharge  is  also  very  diflerent. 
"Vvhile  the  jet  from  the  rigid  tube  reproduces  every  impulse  of 
tho  original  intermittent  action,  that  fnim  the  elastic  one  shows 

(treat  (iiminntinii  therein,  and  iftheaintagc  ttibc  bfe  of  sufficient 
ength  tlie  ]>ul::>»tion  completely  disappears. 

These  observations  are  of  importance  in  the  explanation  of 
the  manner  of  tluw  of  the  blood  in  tlie  arteries,  the  coats  of 
which  arc  liighly  clastic. 

121.  Movemeat  of  Liquids  in  Tubes. — Though  the  mobility  of 
Cb«  niolcculcH  (if  IttpiiiU  is  great,  it  W  not  abt^olnte.  Hence  arises 
a  certain  degree  of  friction  among  the  molecule.'*  themselves, 
And  also  between  the  fluid  moleculee  and  the  walls  of  the  tube. 
In  the  latter  case  it  is  much  greater  than  in  the  fonner,  ufl  niay 
be  seen  in  the  more  rapid  flow  of  tlic  water  down  the  central 
and  deep  portions  of  a  river,  compared  with  its  rate  near  the 
banks  or  over  »hoals. 

Hydraulic  friction,  which  is  the  term  applied  to  the  resistance 
whicii  wo  have  been  examining,  is  independent  of  the  niutcrial 
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of  wbich  the  tube  is  made.  It  is  increased  by  roughening  its 
walls.  It  depends  chiefly  on  the  character  of  the  fluid,  whether 
it  be  viscous  or  limpid.  In  this  respect  ice-cold  water  ahowB  a 
slight  degree  of  viscosity  compared  with  that  which  is  luke- 
warm. 

Prony  gives  the  following  as  the  formula  for  the  mean  velocity, 
in  metres,  of  water  in  a  cast-iron  pipe: 

I 

I  being  the  length,  d  the  diameter,  p  the  pressure,  and  v  the 
velocity. 

122.  Form  of  a  Falling  Stream. — From  the  lower  end  of  the 
ram  contracla  a  falling  stream  of  water  takes  the  form  of  a  con- 
tinuous cylinder  for  a  short  distance.     The 
^'|o■  2(i  accelerating  action  of  gravity  soon  causes  it 

'<^  to  break  into  drops.  The  stream  now  assumes 
'jcir'  B  the  appearance  shown  at  A,  of  alternate  nodal 
■Aj'  and  ventral  segments.    In  the  nodal  segments, 

^  the  drops  are  extended  lonffitudinally;  in  the 

|C  ventral,  transversely  to    the  course  of  the 

stream. 

Aa  these  segments  have  a  fixed  position,  it 
i/v  follows  that  each  drop  in  its  descent  passes 

;T,  through  the  phases  shown  at  B. 

i^  Under  illumination  by  the  condensed  elec- 

i^  trie  spark  of  an   induction   coil,  the  drops 

jsi  appear  to  be  stationary,  and  their  forms  can 

ita-'  ^G  studied  to  advantage. 

?Ti  123.  Movement  in  Inclined  Tubes. — If  in  place 

W  3f  of  falling  freely  in  the  air,  as  is  the  case  in 

*  ji  the  preceding  article,  the  stream  is  tailing  in 

0  a  vertical  tube,  the  action  of  gravity  will  tend 

;  ■.  to  produce  the  same  eflect.     The  lower  parts 

Forni' of  fuUin? wnt-r       having  a  greater  velocity  than  those  above, 

and   the    stream    assuming    the    nodal    and 

ventral  form,   will,  in   its  latter  state,  act  as  a  piston  in  the 

interior  of  the  tube.     Thus  a  vacuum  will  tend  to  form  above 

each  ventral  part.     To  meet  this  the  pressure  of  the  air  will 

be  called  into  play  on  the  surface  of  the  reservoir  from  which 

the  pipe  issues,  and  a  great  acceleration  of  the  efflux  will  ensue. 

The  energy  of  the  action  thus  evoked  is  shown  in  the  suction 

or  noisy  draught   with    which  the  last  portions  of  water   are 
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drawn  out  from  a  wasli-basiii  or  bath-tub,  the  exit  pipe  of  which 
\»  long  and  perfectly  i'rcc. 

The  pre»eutatiou  wo  have  given  al>ove  of  the  case  in  a  vertical 
tube,  applies  1cf«  and  Icsfl  as  the  tube  leaves  this  pOKitioii  and 

.incHucs  towards  the  horizontnl. 

'  The  principles  which  wti  h^ve  been  discussing  ore  of  impor- 
tant in  tlie  construction  of  tlie  waate-pipes  or  drnina  of  houses. 
Their  application  will  be  fouud  later  on.     See  (149). 

I 

134.  Hydraulic  Tonniiqnet. — V\g.  27  represents  the  instrument 
iu  question.  It  cont^ii^ts  of  a  pear-shiiped  vasiiy  V,  tllletl  with 
water,  and  bo  mounted  as  to  revolve  freely  on  its  vertical  axis. 

Fro.  27. 


From  the  smaller  and  tower  end  of  the  vetisel,  two  tubes  pro- 
jvd  Inirizonlally,  which  are  continuations  of  a  diameter,  xbe 
outer  extretnily  of  eaeli  of  these  is  bent  horizontally,  at  a  right 
angle  to  the  sliaf>,  an  w  Hho^vn  at  A  in  the  figure. 

The  opening  of  the  extremity  of  each  tube  being  closed,  the 
lipoid  in  the  viwe  exertu^  an  eijuul  pressure  on  all  parts  of  the 

■  wall  of  Uie  tube,  and  the  instrument  is  at  rest.  When  the  end 
tpf  a  tube  is  opcnciJ,  the  pressure  on  that  side  is  rc]ieve<l.  The 
tabe  li  then  forced  backward  by  the  pressure  on  its  opposite 
ndes  in  the  direetiuu  of  the  dotted  line,  and  a  rotatory  motion 


is  produeocl. 
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Under  the  preaBure  of  a  head  of  water  the  vaae  may  be  dis- 
missed, and  the  apparatus  attached  directly  to  the  tube  supply- 
ing the  water.  In  this  manner  a  very  convenient  form  of 
power  is  obtained,  the  discussion  of  which  belongs  properly  to 
hydraulics  as  applied  in  the  turl)ine. 

126.  Velocity  in  Open  Channels. — Wu  have  already  had  occa- 
sion to  refer  to  the  eftects  of  hydraulic  friction,  as  shown  in  tlii; 
greater  rapidity  of  movement  in  the  deep  parts  of  a  stream  as 
compared  with  that  in  its  shallows.  Were  it  not  for  the  resist- 
ance afforded  by  frictioTi,  a  river  which  originates  in  a  sourcf 
1000  feet  above  the  level  of  its  mouth  would  have  the  velocity 
of  water  issuing  from  the  bottom  of  a  hike  1000  feet  deep,  or  u 
rate  of  nearly  170  miles  an  hour. 

By  the  double  action  of  the  friction  of  the  molecules  of  water 
on  each  other  and  on  the  banks  of  the  stream,  the  rate  is  ordi- 
narily from  three  to  tire  miles  per  hour,  and  the  inclination  of 
the  channels  from  three  to  live  inches  in  the  mile. 

126.  Transporting  Power  of  Plowing  Water. — The  transporting 
power  of  running  water  involves  two  conditions  :  1st.  The  force, 
or  actual  pressure  of  the  uiovinq  mass;  2d.  Its  buoyant  -power. 
Owing  to  the  combination  of  these  two  causes,  it  is  estimated 
that  if  the  rate  of  flow  of  water  be  doubled,  its  power  of  trans- 
portation is  increased  sixty-four  times. 

Kvidence  of  the  fearful  power  of  water  in  rapid  motion,  is 
shown  by  the  manner  in  which  mountain  streams  wrench 
masses  of  rocks  from  their  foundations  and  hurl  them  down 
their  course,  until,  by  striking  against  each  other,  they  are  so 
pulverized  that  only  an  impalpable  powder  remains,  which, 
when  it  settles,  is  called  silt. 

It  is  estimated  that  the  Mississippi  River  carries  to  the  Gult 
of  Mexico,  annually,  an  amount  of  solid  matter  equal  to  a  mass 
one  square  mile  in  area  and  about  270  feet  deep.  It  is  easy  to 
see  that  under  these  circumstances  the  deposition  of  the  matter 
transported  by  rivers  becomes  a  question  of  importance,  as  re- 
gards the  disposal  of  the  sewage  of  the  cities  on  their  banks  and 
at  their  mouths. 

127.  ShoalB  and  Sewage. — When  the  sewer  system  of  New 
York  was  first  constructed,  and  for  some  years  thereafter,  the 
effete  materials  were  immediately  swept  into  deep  water,  and 
carried  by  strong  currents  to  a  distance  from  the  city.  Since 
that  time,  by  the  extension  of  piers,  deposit  of  cinders,  washings 
of  tilth  from  the  city  streets,  and  largely  by  the  silt  brought 
down  by  the  Hudson  in  spring  freshets,  shoals  or  bars  have 
been  formed.     These  liavo  soriouslv  rnoditied  the  direction  and 


nr  tnc  correiits  in  tlie  waters  of  the  river  frotil.  Ah  a  I'oii- 
kl'iice,  the  8e>vei"  liltli  no  longer  imsKef*  )nt<^  the  curronl  of 
deep  wator,  but  la  deposited  in  the  ^lipB  between  tbe  docks. 
Tlie  secthinff  ma^ts  of  putrefaction  that  ibrins  the  water-bed  in 
»ut;h   louaHliea,  i»  at  all  tinieii  throwing  oil'  various  etBiivia, 

t among  which  U  Hnlpinirotted  hydrogen,  which  may  be  detected 
ihrnnghout  the  VK-ar  by  Us  odor.  In  the  aummer  time,  when 
the  action  is  more  energetic,  it  may  1)0  M.>eii  rising  in  niillionis 
of  babbles  to  the  Burliioe,  and  llii'  odor  then  becomes  almost 
liitolenible  in  certain  localities. 

12B.  Sewage  and  Malaria. — Of  all  the  ordinary  ga»e«  none  h 
mure  dangorotitt  or  insidious  in   its  action   than   sninbiircttcd 
hydrogen.     It  in  one  of  the  so-caUcd  cumulative  poisons.     It 
.*t8  upon  the  blood  discs,  impairing,  and  even  dentroying  tlieir 
luction  88  enrriers  of  oxygen.     It  tliUK  redueen  the  power  of 
the  system  to  resist  dieeiMe.  and  lays  it  npen  to  attactci^  which 
would  otiierwise  have  no  effect.     It  even  seems  to  be  in  some 
way  related  to  the  development  or  presence  of  malaria]  poison, 
[for,  in  loculities  where  deadly  forms  nf  malarial  diseftsee  prevail, 
Milphureited  hydroi^en  is  almost  always  to  be  found  in  the  air. 

The  proper  methods  for  the  correction  of  these  trouble*  in 

great  BL'aportB  may  be  arranged  under  three  hoarls.  viz.:   Ist. 

The   removal  of  all  giirhagc,  horse- droppings,  and  other  filth 

from  the  streets,  and  it^*  wile  at*  a  fertilizer.     Tbuf  the  largest 

.pan  of  rbe  noiions  organic   mutter  would   be  prevented   from 

'  tining  aeec^ii  to  the  sewers,  slips,  and  harbor  baain. 

2d.  The  e.xtensiou  of  the  sewers  to  the  pier-heads,  where  they 

Imay  discharge  into  deep  water.     The  sewer  ilwOf  should  end  iu 

fcrni  turned  down  at  right  niiicles,  like  the  termination  of  the 

inary  Ktopeockh  used  in  houHcs.     To  thi.-i  point  the  level  of 

le  sewer  should  not  be  below  high  water.     The  final  opening 

tof  tbe  terniinatiou  should  be  below  lowest  water  mark. 

8d.  All  accumulations,  banks,  or  bars,  which  interfere  witli 

[the  original  water-course  and  free  passage  of  sewage  into  the 

rnmin  current,  should  be  remove<l.     This  is  a  subject  of  liygiunie 

HmportaiH-t'  which  should  not  Uq  overlooked.     It  is  Acarcoly  a 

matter  of  woudermeiit  that  under  the  present  iimn&gement  of 

Bucb  affuirH  in  the  city  of  Xew  York,  it  Iiuk  become  a  maliirial 

bity.     It  cannot  fail  to  hi;  »o  until  better  disposition  is  made  of 

Iiv  sewage  and  tilth   that  are  now  permitted  to  accumulate  on 

tts  river  fronts. 

Il  neetls  no  apology,  in  view  of  such  grave  matters  as  these, 

tu  urge  upon  physicians  a  better  knowledge  of  physieit,  even  to 

,lhe  proper  understanding  of  the  manner  of  flow  and  formation 

*Df  currents  iu  ibe  harbors  of  the  cities  they  inhabit.     No  one 

a  community  hoM  the  same  intercAl  In  the  subject  as  its  phy- 
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Bieian.  No  one  has  belter  opportunities  of  seeing  the  codsa. 
quences  of  neglect  ot'  proper  precautions.  If  it  is  not  hie  hm- 
ncs8  to  attend  to  such  mutters  uud  show  how  they  are  to  be  niut 
and  remedied,  to  whom,  in  the  name  of  common  senac,  doeair 
belong?  His  duty  to  tlio  coiurnunity  demands  al  least,  that  ha 
shall  initiate  tho  di^ioussion  of  tht-so  question?.  To  do  this  be 
must  have  a  suQioieul  kuowledgu  of  the  subject  t»  agitate  it 
intelligently. 

129.  Formation  of  Waves. — When  a  pebble  is  dropped  into  a 
pond  of  smooth  wutcr,  it  displaces  a  portion  of  the  fluid  lat- 
erally, and  a  circular  eJevntion  or  wall  of  liquid  is  raised  around 
the  spot  of  imnaet.  This  elevation,  following  the  laws  of 
fluidity,  gradufllly  widene.  The  dcpre«sed  portion  where  the 
pebble  struck,  pressed  upon  by  the  surrounding  elevation,  which 
causes  upward  pressure  from  below,  returns  to  and  rises  sbove 
its  original  le\*el.  It  thos,  in  its  turn,  becomes  a  scare*  of  dis- 
turbance, and  acting  Hko  the  impact  of  the  pebble,  nroduceaa 
second  circle  of  depression  and  elevation.  Tnia  oscillation  con- 
tinuing, alternate  circles  of  elevations  and  depressions,  or  waves, 
are  prtMlueod,  each  boeoming  wider  and  wider,  until  at  last  they 
reach  the  margin  of  the  pond,  where  tliey  may  be  either  broken 
or  refleeteij. 

To  the  eye  it  appears  as  though,  in  the  eiqianding  circles  of 
waves,  the  water  was  itself  following  the  coui-se  of  the  wave, 
but  it  is  not  so.  If  a  chip  of  wootf^  or  any  other  light  Ixtdv, 
floating  on  the  water  is  observed,  it  will  be  seen  that  it  has  little 
or  no  outward  motion.  As  the  wave  approaches,  it  gently  rises; 
as  the  wave  passes,  it  falls. 

Since  the  chip  merely  copies  the  movements  of  the  molecules 
of  the  water  on  which  it  is  resting,  we  tlius  learn  that  the  latter 
have  little  or  no  movement  in  the  horizontal  plane,  or  iu  llie 
longitudinal  direction  of  the  wavy  motion.  They  move,  on  the 
eoutrary,  in  a  vertical  plane,  or  transversely  to  the  course  of  the 
water  wave.  As  in  the  case  of  the  undulatious  we  may  pass 
along  a  rope,  which  is  fastened  at  one  end,  while  it  is  moved  up 
and  down  at  the  other;  it  is  the  form  that  advances  in  the  tracJc 
of  the  wave,  not  the  substance.  That  is  moving  at  right  angles 
to  the  wave  motion. 

By  virtue  of  the  friction  between  the  molecules  of  water,  the 
new  waves  reach  a  less  and  less  altitude  than  their  predecessors, 
until  finally  thf  disturbance  ceases,  and  the  surface  of  the  water 
becomes  as  uurutHed,  and  mirror-like,  as  when  the  stone  first 
struck  it. 

130.  Sea  Wayea. — As  tlowing  water  develops  friction  against 
the  banks  of  the  chaunels  iti  which  it  is  passing,  so  currents  in 
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e  air  produce  friction  upou  the  Burfitce  of  the  water  oror  which 
hey  move.  The  little  jj^usta  of  wind  that  strike  upon  smooth 
vatcr  caoHe  the  inBtant  appearance  of  ripples  on  i«  surface.  It 
tlic  velocity  of  the  wtud  in  great,  and  itK  application  persibtent^ 
the  ripples  in  time  become  wavee,  and  tlietse  increase  lu  volame 
and  breadth  until  6uaH;  the  rolling  mountains  of  the  ocean  are 
formed. 

The  rate  of  motion  of  tbeae  ocean  waves  is  dependent  upon 
their  volume.  In  waves  of  great  magnitude,  like  those  off  the 
Cape  of  Good  Hope,  the  velocity  may  be  as  great  as  thirty  or 
fort^'  miles  an  hour. 

The  mobile  eurfiice  of  water  permits  the  propagation  of  waves 
ver  immense  distances.  This,  combined  with  their  velocity, 
will  often  carry  intelligence  of  etornis  to  distant  shores,  by  the 
heavy  breakers  thut  hill  upon  them  when  no  wind  is  blowing. 

131.  Measnremeat  of  Wares. — Waves  on  water  may  bo  meas- 
ured in  two  ways:  1st,  wave  length;  and,  2d,  wave  height.  In 
the  diagram,  the  distance,  A  B,  from  the  centre  of  one  depres* 
eion  to  the  centre  of  the  next,  is  tlie  wave  length.     The  same 
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Pmeastiro  may  also  be  applied  from  the  centre  of  one  crest  to  the 
centre  of  the  next,  or  from  the  middle  of  one  wave  to  the  middle 
of  the  next. 

The  wave  iieight  is  ineaaured  by  the  lino  C  D,  drawn  from 
the  horizontal  line  connecting  two  depressions,  and  perpendicn- 
larlv  to  it,  to  the  top  of  a  crest.  Sometimes  the  total  elevation 
—^is  divided  into  wave  and  trough,  the  former  being  above  the 
■  ordinarv  sea  level,  the  other  below  it,  as  shown  by  the  dotted 
Bliue.  I'n  that  case,  the  wave  height  ia  ono-balf  of  C  D,  and  the 
f 'Wave  depression  the  other  half 

In  great  waves  at  sea.  the  elevation  of  the  water  above  the 
ordinary  level  is  rarely  more  than  tiftecn  feet,  making  the  total 
height,  from  bottom  of  trough  to  top  of  crest,  thirty  foeL 
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132.  BesiBtance  of  Floidi  to  Moving  Objects. — Water,  by  its 
portiul  vi!^co^^ity.  experiences  resistance  on  the  8Ui*faces  over 
which  it  is  moving;  so,  on  attempting  to  move  a  body  through 
nter,  resistance  is  in  like  manner  developed. 

8 
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All  experimental  ilUistratioti  in  afforded  of  this  fiict,  a 
BeDted  in  iUv  figure.  Lot  A  It  he  a  tube  2  feet  in  l^iigl)).  Ami 
clottctl  by  rarkB  at.  eacb  end :  a  Miiiiu-ltulk-t,  C. 
is  to  be  introduced.  On  ijuickly  inverting  the 
tube,  the  bullet  talle  immediately  from  one  end 
totheotlier,  in  a  small  fraction  of  a  itccond.  On 
filling  the  tube  witb  water  iiisteail  of  air,  and 
repeating  tbe  experiment,  it  will  be  found 
that  it  now  requires  many  iwcoiids  for  tbe 
bullet  to  fall  from  end  to  end. 

Anutlier  fact  is  at  tbe  &anie  time  perceived. 
When  the  bullet  is  descending  with  its  point 
downward^,  its  velocity  in  mueb  gifoter  than 
when  tliu  butt  or  blunt  extremity  ia  foremoat. 
Tbe  roBistance  offered  by  liquids  to  t}ie  pas* 
eagc  of  n  moving  object  is,  therefore,  largely 
dopettdcitt  on  the  form  of  the  object,  those 
which  are  pointed  or  wedge-shaped  moviug 
with  ibe  greater  veiodty. 


132  A.  Hechanios  of  the  Clrcolation  of  the 
Blood. — Various  devifes  for  the  measurement 
of  the  pressure  of  the  blood  in  the  arteries, 
and  the  charaetcr  of  its  movement  in  tliose 
vessels  have  been  devised;  among  these  may  be  mentioned  : 

Jst.  The  hixmadi/navioiMia-  of  Pois«uille,  which  is  simply  a 
U-i-liaped  manometer,  oQo  end  of  wliifh  is  attaehed  to  the  artery, 
while  tlie  liquid  in  the  bend  fihows  tbe  pressure  exerted  by  the 
blood. 

2d.  The  k^iogniphim  of  Fick.  by  which  the  inertia  of  the 
mercury  in  the  preceding  apparatus  is  avoided.  It  is  a  complex 
apparatus  consiBtiiig  of  a  hollow  spring  filled  with  alcohol,  and 
terrninaliug  at  one  end  in  a  system  of  levers  which  record  by  a 
point  on  a  revolving  cylinder;  the  other  end  is  brought  in  com- 
munication  with  the  Inoodvcaael  to  be  examined. 

3d.  The  cardiograph  of  Marey,  consisting  of  a  tambour 
adapted  to  the  exterior  of  the  cliest  over  tJie  region  of  the  heart ; 
its  indications  are  rocorrled  by  another  tambour. 

The  wime  method  hae  been  adapted  to  the  examination  of  the 
action  of  the  heart  itSL'If,  by  introdiiciiig  into  that  organ  a  kind 
of  catheter  bearing  a  bag  or  tambour  at  its  extremity,  and  com- 
municating with  a  rogiatering  tambour  externally. 

4tb.  The  hcnnadrcmiometcr  of  Vnlkmann,  for  the  measurement 
of  the  speed  of  the  flow  of  the  blood.  Tlie  slromuhr  oi  Ludwig, 
is  an  improvement  upon  this,  and  admits  of  more  accurate  re- 
Bults.     The  hiCfmtacf^riuter  of  Vierordt,  and  the  dromograph  of 
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<ortel,flre  other  applications  of  t]ie  same  principle  for  the  same 
porpote,  viz.,  measureuieut  of  cuireut  velocity. 

5th.  Tlio  sphijqmttgrapK  for  recording-  lirterial  tonsion  was 
originuIU'  devised  by  Vierordt,  and  improved  bv  Marcy. 

6tJi.  The  ffas-aphyymoscope  by  which  tlio  itupuUus  of  tJie  artery 
are  commnnicated  to  a  small  chanilier,  through  which  gaa  la 
pad»ed  and  then  Ignited.  The  vuriattons  in  the  tbrm  of  the 
fiarnc  fihow  the  vwriatioiiH  in  the  uoiidition  of  the  artery. 

7th.  The  fphffgmophone,  a  mr.di6cation  of  the  preceding,  in 

which  Lhe  flame  is  bnrncd  tnttidc  of  a  lube  t^o  as  to  produce  a 

^singing  flame.    To  this  the  nuUations  of  the  artery  impart  a 

^nind  of  beat  readily  perceived  at  a  distance. 

^^    For  a  more  thorough  e.\plaiiation  of  thfso  forms  of  apparatus 

the  student  is  referred  to  modern  works  on  pliysiology. 


CHAPTER  X. 


UYlJllAlTLtCS. 


^^Dcfinilion — Earllwt  dcvJcM  for  niiiog  water^ — Pulley  well*— Arch iuodca's  screw 
^K  — The  Poniui  whwl — Th«  liphon — TIk-  fluxlblo  «ipbon — The  intermiucni 
^H  aiphoii — Pump«  iitd  vhItm— Lift  pump — Fonw  pump — nydraulie  mm — 
^H  WoUrwheeb — The  Uirbitie — Ceatrifuffiil  pump — Mtttvrikla  Tor  hvdtaulic  en> 
^H  glnwnnt; — Sewagv  1b  hotu«i — Ultlltktioii  of  wewiit;c— Munli  dndalifg  ind 
^H       nwlsHk. 
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133.  Hydraalics  Defined. — Hi/draulics  w  the  applieaiion  of  the  prin- 
ipta  of  h^roil'-itics,  hydrodynamics,  and  aho  of  pnewnatks,  to  the 

natruetion  of  apparatus  for  the  coUeftiony  atonuje^  ami  distribuiam 
foaier  or  other  jiitidi.  It  also  inrfiafes  the  utiUzaiicm  of  water  as  a 
'imirrt  of  powtT. 

The  difficulty  of  aeiwirating  hydrodvnamiea  from  hydraulics 
has  been  seen  in  the  discussion  of  the  hydraulic  tournifinot.  and 
jn  other  instanecg.     In  hkc  manner,  the  deBcription  of  pumps 

rtaluly  belongs  to  hydranlios,  thouj^h  their  action  is  to  l>e  ex- 
ilaiiiud'on  the  pueumatie  principles  involved  in  t}ie  pressure  of 

.ti  air.  lu  all  cases  where  thiti  dilRculty  of  arran^in^  stihjeots 
ID  their  proper  positions  has  arisen,  we  have  followed  the  course 
which  seomed  to  present  the  most  practical  advantages  anti  the 
l^reatest  simplicity. 

For  convouienl-o  the  study  of  hydraulics  may  be  divided  as 
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>-'     ^''-nratite  without  valves  for  misiiig'  water;  24 
-r  raisin?  Buiil;  3il,  Uevelopment  of  power; 
I'tM  b4M>u>uuc«  of  fluids. 


■V#«uuuTfi»  wiTBouT  Valves  fob  Rauiko  Watbe. 

ML.  BuUn«  DavicM  for  Eaiain^  Water.^Doabtless  the  first 

.  -nor*  was  the  palm  of  the  hand  hollowed  hy  die 

(lu  muscles.    Following  on  this,  and  in  the  order 

.16  it  were,  we  can  eaaily  imagine  that  a  leaf  lieut 

1^1^  ■',<.<!•  the  palm  of  thi-  hand  came  into  use.     Then 

ny,,  H.«ilow  %-egetable  product,  a*  the  shell  of  the 

.'vt-ritigs  of  various  fruits,  also  sundry  animal 

., .  v.'Uipticd  eggs  of  large  kinds  of  birds,  and  ehelU 

Next  came  the  fashioning   of   vc«8ele  of  clay, 

1^.  :i  thtf  rays  of  the  sun,  and  atlerwarda  baked  by  the 

>  '-^  of  water  from  natural  springs  these  devices 

,i\  ;.  :i  the  spring  was  surrounded  by  a  low  wall  to 

■xMU  Iwing  soiled  by  cattle,  some  little  improvement 

Uoro  M*e  can  see  the  origin  of  the  dipper,  made 

•k««  now  so  of^en  find  it,  out  of  the  halt  shell  of  a 

which  a  forked  stick  is  attached  as  a  handle.     In 

1  ill  rtirthenware,  what  more  nutural,  on  account  of 

s    of   the    material,  than   to  substitute   the   curved 

^^  -..rt  tlnd  attached  to  our  tea-pots  and  cups. 

'\  .    earthenware  vessel  with  its  handle  on  the  side, 

.   H\it  be  conveniently  used  fur  purposes  of  carrying 

.1   waior  to  a  distance,  the  passage  to  an  earthenware 

t  ■iraight  rod  ruu  through  two  holes  near  its  up|icr 

.4\  iMid  natural.     Now  the  mass  of  \vatcr  could  be 

,   ,(  ^^rried  in  the  vessel,  though  it  was  filled  nearly  to 

.  iiii  next  iiuprovoniciit,  whereby  the  Imlancing  of  the 

'   \\n»  made  more  facile,  was  to  substitute  a  cur\-ed 

I'f  vine,  for  the  straight  rod,  and  a  pail  which 

■■  Oil  as  n  pot  for  boiling  over  the  lire  was  formed. 

:■<.  as  the  water  in  springs  fell,  the  simple  and 

.,    .,,.  , \  wiui  to  follow  it  down  by  removing  the  earth 

,...w»  fUi\  bi^tUHii  and  so  digging  it  out.    In  doing  this,  to  prevent 
^.,  ,   Ml  falling  in,  the  wall  which  surrounded  the  spring 

^^^  ,1  down,  and  so  the  first  wells  came  into  existence. 

t>v  ^»*nbt'«waru  \v^v\  described  ab{)vo,  or  one  of  wood  hol- 
k^wwi  »»»l.  perhaps  by  the  action  of  fire,  with  its  curved  handle, 
ftu«l  A  h^njT  P'***'  "'  *">"ic  vine,  gave  easy  access  to  the  water. 
vMginal    of   the    "Old   Oaken    Bucket''  came    into 
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For  tLe  purposea  of  irrigation,  where  water  was  raised  from 

rivers  or  wells  fur  nianv  hours  in  sacueatiiiuti,  it  was  itecc»Harv  to 

blieve,  as  far  as  poeeible,  the  strain  on  the  muscles  producetl  bf 

'always  tbrowinjr  the  chief  work  on  ono  proccea,  i.  r,  that  of 

pulHug  the  bucket  up.    This  was  a(oom]iliHhcd  by  the  invention 

tlw  lover  arrangement  depicteU    in  the   figure,  and    which, 

lOugh  it  first  came  into  use  thousands  of  years  ago,  ifl  still 

hmployeil  id  nearly  all  part?  of  the  world.    It  is  doubtful  if  any 

P10.M. 
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hnrrittu  contrivance  ha«  held  its  ground  for  so  long  a  time,  or 
bet'H  so  univcrsully  ai)plieJ,  ae  the  one  in  question. 

'  135.  PttUey  Walli  are  another  device  bv  which,  in  place  of 
pulling  npwardfl,  force  is  applied  to  pulf  downwardt«,  and  so 
dvanla^e  is  tJiken  of  the  weight  of  the  body.  It  consists  of  a 
jpe  which  pas-sem  over  a  grooved  wheel,  or  pullev,  in  the  top  of 
le  w-cll  house.  To  each  end  of  the  rope  a  bucicet  is  attnched. 
*he  buckets  balant-ing  eaeb  other,  their  weight  is  eliminated, 
II  additional  advantage  to  that  uf  applying  the  force  downwards 
itead  of  upwards. 

An  early  improvement  in  the  use  of  the  pulley  was  to  substi- 
Itc  the  (irb  and  iriiich  therefor.  At  hi-st  it.  was  npplied 
ft«ingte  bucket  to  reduce  the  eH'ort  required  to  raitte  it  when 
led  with  waier.  Atterwards  it  whb  modified,  a  series  of 
ickcte  being  attached  to  an  endless  rope.  These  parsing  under 
vfaeel  in  the  water  of  the  well  were  tilled,  und  cmptie<l  as  they 
irmounted  the  wheel  above,  which  gave  motion  to  tlie  appa* 
itos.  This  device  is  still  iu  operation  in  harbors  for  the  purpose 
of  liredging,  or  rniHiiig  lurcMimuIiitions  of  sort  niuih 

In  pliic©  of  a  series  of  bnckt^ts,  an  endless  chain  is  sometimes 
arranged  with  disks  about  a  foot  apart.  This  is  passed  through 
ft  tnbo.  The  disks  fitting  the  tube  as  closelv  ns  possible,  carry 
tiie  water  upwards  when  tlie  chain  is  passed  through  the  tul>e 
npidly.     Tilts  constitutes  the  c/iulri.  pump,  and  is  very  useful 
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•e  raised,  since  i:  '.~  ::>c  *■>  apt  to 
i-iiiiiiiry  imnip,  or  ::"  ::  ■.!  ■>es.  relieves 
■  [iini.     For  the  chair,  -^.z. :  -il^k;  a  rope 


.-  y^zvw  i^  unnther  juiriciit  devi:,:  •v^^!  ;iiaj'ted 

-.s  .)i'  wiitcr  to  ii  nioderat*^  i.^'i?.:.    It  coii- 

.  at  bt)th  end.s.  iiml  woiitid  *r;.-;i!!v  around 

!i  tlio  figure.    As  the  eyliii'i-i-r  :-  ii.a-ioto 

■.".  "hf  lower  end  of  tlie  j-ij  t-  '::i~  cuJlt 

-    !>«.■!  :ilong  the  tuho  iis  up  an  in>,".:ntd  I'.ano. 

-.  -;;;itt,  or  fyIin<lor,  to  the  horiz^.r.  siiouid 

Tbo  pipe  should  make  ah.-iir  :i.rce  or 

- ;  ;U  an  an^rle  of  iilmut  i!0"  to  its  axis. 


Fin.  ;:i. 
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>    -o  inorit  eeononiica!  device  for  raisins:  water, 

^  ..;.•  «a?te  of  power.     It  is  extensively  used  in 

i-cls  oi'  dntiiiiiiir,  tlie   motive  power  being  a 

^  .  ;u.'  U:*od  in   FraiRo,  tlie  motive  power  hcinj; 

V  -lonietimes  Hve  or  six  feet  in  diameter.     It  is 

,,:  n'  rai:'ing  sewaLfo,  and  might  in  that  ease  he 


37.  The  Persian  Wheel  is  a  lar<;o  wheel 
with  i>a(hUi->:-.  A  A,  wliicli  dip  into  a  stream, 
the  water  of  wliich  h;i>  riiilHcient  rapidit}' 
10  eause  it  to  tinii.     The  martfin  of  the 
wlieel  al'^o  cai'iies  hiu'kets,  wlii<li  fill  be- 
hiw  and  di^eharire  into  a  Iroiigh  at  the  top 
of  the  wliei^'l.     The  water  of  the  stream  is 
'      [hus  foi'ced  to  raisL-  itself.     A  modiiieation 
of   tills    arrani^i'nicnt    is    depicted    iti    the 
figure.      i\i  tliis  the  s|iokes,  JJ  7J,   of  tlie 
\vlioeI  lire  trouirhs  or  tiil»es  eurved  in  the 
■  :*',.     When  their  extrt'iuitiis  ilip  into  the  water,  » 
;k'  !!:iid  is  taken  up  and  cai-ried  to  the  axis,  X,  of 
"  ".\.'  •■>  lu-iv  it  is  diseliarged  alonji  a  tal^'. 


■.:1.-'A  'I 
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^B^S8.  The  BlpBoD. — Whoi'c  nti  elevation  intervene 
^SBarct.'  ot"wat«r  ami  the  ]»la«c  wliere  it  is  used,  it 

overthtt  hill  by  usipliuii.  The  vertical  height  to  which  the  fiuid 
mny  be  raised  cuntiut  be  more  than  thirly-lbur  feet  above  the 
U'vul  of  the  water  source. 
^L  The  »iph(in  eoiiHii^l?  of  »  bent  tube,  open  at  both  ends,  a&  is 
^niliown  in  the  ti^re.  The  arm  It  is  longer  than  tlie  arm  A. 
The  extronilty  A  beiiijj  [daeed  in  water,  and  'ho  entire  length 
of  tlie  iuIk*  lilled  (bei-ewith,  the  longer  column  of  water  in  B 
tends  to  fall  out  of  it;  an  exbauHtin;^  action  is  thuu  produced  id 
the  curved  portion  of  the  tube.  TIte  air  prci^sing  on  Die  surface 
of  the  water  at  A,  fnreeA  it  up  into  the  tube,  and  as  fast  as  it 
reaehen  the  curve  it  turns  into  B^  ami  pasKing  down  a  continu- 
.ons  flow  i»  established. 

The  greater  the  length  of  tlie  loiig  arm,  compared  with  that 
'  thesiiortarni,  the  rnoro  rapid  \s  tliu  flow  through  the  siphon. 
The  Kiphon  oftt'r.i  an  example  of  the 
:iatioD  of  hydraulics  with  pneumnticM. 
the  force  brought  into  piny  is  the  i)re9- 
sure  of  the  air,  iw  we  have  stated.  This  is 
easily  »'hown  by  the  fact  that  nsiphnn  cea.«es 
to  work  if  it  IS  placed  under  an  air-pump 
belt  and  a  vacuum  made  therein. 

By  this  device  the  government  school  at 

Wc*t  Point  is  supjilied  with  w.ator  from  the 

^opptwite  side  of  one  of  the  hills  by  which 

H^at  t«tation  is  encircled.     When  the  lieight 

^■to  which  the  water  is  raised  in  the  short 

tube  approaches  30  feet,  the  tube  is  linblo 

^■^  be  gradually  filled  at  the  curve  wiih  air 

derived  frtiiu  the   water;    when  thin  hap- 

^feens  the  siphon  cojweH  to  work.     The  air 

"ttiuBt  theu  be  pum|>ed  out  ot  the   bend, 

when  the  siphon  a<;ain  acts. 

Larifc  siphons  like  that  described  above 
are  most  cuMily  tilled  or  refilled,  when  nece«9ary,  by  having  a 
stopcock  ut  fiacli  end,  and  unoilier  at  the  highest  point  of  the 
bend.  The  operation  of  lilliiig  then  consists  in  merely  closing 
the  cocku  ut  the  extremities,  and  pouring  in  water  at  the  bend 
until  the  lube  is  full.  Then  dosing  tlio  eock  at  the  bend,  and 
opening  those  at  the  extremities  th»  flow  is  eatablished.  Large 
siphons  have  al^o  been  used  for  cjirrying  sewage  over  interveu* 
iiig  elevations,  and  for  emptying  ponds. 

For  the  purpose  of  retaining  tlio  fluid  in  a  small  siphon,  so 
th»t  it  may  at  all  times  be  ready  for  use  in  u  given  liquid,  both 
irniM  are  ttomuttmeg  made  of  the  same  length  aud  turued  up,  as 
itbown  in  Fig.  34  at  A  B. 
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ThiB  form  ie  very  useful  in  removing  the  liquids  covering 
precipitates,  especiftlly  when  a  number  of  analyses  are  to  be 
made.    Siphons  of  glass  are  frequently  used  in  the  laboratory. 


Fio.  34. 


Fio.  86. 


A  B 
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"When  the  liquid  to  be  decanted  is  corrosive,  the  finger  cannot 
be  used  to  close  the  end  of  the  instrument,  as  may  be  done  in 
the  case  of  water.  Under  these  circumstances  the  form  repre- 
sented in  Fig.  35  ia  employed,  as  follows:  The  end  of  the  short 
arm,  C,  being  placed  in  the  fluid,  the  stopcock  near  the  end  of 
the  long  arm,  A,  is  closed.  The  mouth  being  applied  at  D,the 
fluid  ia  drawn  over  the  bend,  B,  into  the  long  arm.  As  soon  as 
the  fluid  passes  the  line  in  the  long  arm  at  which  it  is  on  the 
same  level  as  in  the  vessel,  C,  the  siphon  begins  to  draw.  At 
this  moment  the  mouth  must  he  removed  from  I).  Opening 
the  stopcock  at  A,  the  fluid  passes  out,  the  discharge  being  under 
perfect  control  by  the  stopcock. 


139.  Flexible  Siphon. — All  kinds  of  material  may  be  used  in 
the  construction  of  siphons.  In  filling  electric  batteries  with 
dilute  sulphuric  acid,  which  has  been  made  up  in  quantity,  a 
piece  of  India-rubber  tube  answers  admirably.  The  tube  being 
dipped  into  the  liquid,  it  fills;  then  bringing  the  upper  end 
close  to  the  surface,  and  pinching  it  together  in  order  to  close 
it,  a  portion  of  the  tube  is  drawn  over  the  side  of  the  vessel,  and 
a  siphon  is  formed.  On  removing  the  pressure  of  the  fingers, 
a  flow  ia  estublished  into  one  of  the  battery  jars.  When  the 
jar  is  full  enough,  the  flow  ia  stopped  by  again  comjiressing  the 
sides  at  the  free  end.  By  this  method,  without  p]>illing  or 
waste,  the  liquid  may  all  be  siphoned  into  the  battery  jars. 
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Wtere  it  i»  deeired  to  eetablisli  a  very  slow  flow,  nn  onlinarr 
cotton  Innip-wick  may  lie  u^oxi.     In  ilie  case  of  acids  and  other 
corrosive  Hqaidd,  tlirends  of  a«besto«,  or  a 
buudlti  of  ven-    liiiu   capillary  glass   tubes  Fio.  m. 

may  be  formed  into  a  Hiplioii. 

140.  The  Intermittent  Siphon,  as  is  shown  in 
the  figure,  consists  of  a  siphon.  A,  in  which 
the  (tuort  arm  is  curved  and  dips  nearly  to 
ttic  iKittom  of  a  vessel,  into  which  )vuter  is 
continually  flowing.  The  long  arm  pusses 
through  the  bottom.  Wlieii  (he  water  rmes 
to  a  sufficient  height  to  fill  the  bend  of  the  inttminuni iIiAoii. 

fliphon,  it  is  thrown  into  action,  and  the  con- 
tents of  the  vessel  pass  ofi'.     Tlie  siphon  then  empties  itself,  and 
cannot  act  again  until  the  £uid  rises  to  the  bend. 

The  intermittent  springs  which  occur  in  nature,  are  often 
produced  in  this  manner. 

Valvular  Apparatus  por  Raisiko  Water. 

111.  Pampi  and  Valves. — These  consist  uBiially  of  a  cylinder  in 
which  a  j>i«toii  movt-i",  water  or  air  tight.  The  direction  in 
which  the  water  it*  to  ilow  isgoveriied  by  valves,  and  according  a* 
these  are  arranged,  we  itiay  have  three  kinds  of  pumps :  1st.  The 
tuetian  or  U/t-pump ;  2d.  The  force-pump;  3(1.  The  compound 
pirmp,  which  in  both  snctinn  and  force  in  its  action. 

The  forms  of  valves  employed  are  represented  in  the  h'gureB. 
At  A,  we  have  the  ordinary  form,  viz.,  n  disk  of  metal  working 
on  n  htngo  and  covered  with  leather  below  to  make  it  air  tight. 
This  is  called  a  r/ocA  ralce.    B  represeuts  the  conical  vatbe,  COQ- 
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•tnicted  as  follows :  To  ^  conical  opetiing  a  plug  is  fitted.  The 
movements  of  the  plug  are  limited  and  guided  by  a  i*0(l  which 
paasee  from  it  through  an  opening  in  a  metallic  loop  below.  In 
a  third  form  a  disk  of  metal  is  pierced  by  a  number  of  small 
holes,  a  strip  of  oiled  silk  stretches  a^n-oas  these  above,  and 
rising  or  falling  by  its  own  eta^ticily,  a«  the  exiiuusting  or  com- 
presatng  f()roti  is  applit.-d,  oivoiis  or  shuts  the  holes  and  forms  a 
very  perfect  valve.  This  is  the  fnrm  usually  employed  iti  air- 
pnmps  and  similar  )>neumatic  appaniluf. 
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-■I'liun,  tilt"  iitt-ptimp  ilopi.'iiiU 

■  irrf  action.     It  contuiiis  two 

■.isu  lit"  tlic  evlimler,  U,  ami  otie 

llotli    of    tln-'se    valvt-s    ii[n;ii 

•    'ti  l)i'iiii;  lit  the  bottom  nf  lii.' 

.    ij'U'unIs,  tliu  vii!vo  ill  ilitj  |iii- 

*,n.'  i-vlindur  opoiis,  aii'l  a-;  llu- 

1  .-.^iirc  'il'tlii.'  iiir  t'orco.s  tlit-  wali-r 

■  ■vlitnli.T.     IIjivin4f  ruaclicil  tlie 

.■  ;■.  .\,tlio  iiiDtioii  of  the  piston  ir; 

V  the  viilvu  in  tin;  l)ortoii!  of  the 

.    :.<■  tali  of  till'  lliiitl  iri  tlieri'hy  ])re- 

:i!vL'   ill    tin.'    piston    thi-n    o|n'ii3, 

■.  to  iK'SiH'ml.  tliti  charsjo  ol'  water 

'.i~>iiii^  tlinui;;ii  IIk?  opc'iiiiii;  in  the 

■     u'Xt   upward  stroke  tile  water  in 

ifled  hii^luT  anil  Hows  out  of  the 

■«  ii>p.     At  the  same   time  the  air 

.     more    water    into    the    evlimler. 

le.l. 

v-.l  to  the  bottom  of  tlie  eylinder 

.■».■  applied  to  water  at  a  considerable 

'fheoi-etieallv,  the  heitjlit  a  puni[> 

:<  thirty-four  feet;  practieally,  it  ia 

■!-Iv  feet. 


:L,i-;  foi'in  the  piston  is  solid,  as  i* 
The  ]>iinip  end.  !>.  is  plaeetj  in  tin* 


':'\<..  ■'•'■•. 
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•i^    ".'wer  part  of  the  cylinder,  (',   is  jiro- 
y:vtu  the  side  of  the  cylirukT,  and  near 


>o1tora,  »  tube,  D,  imHHi.'s.  this  ig  likewisG  clqaed  by  a  'valvo, 

I  m  the  lifl-puTup,  uotli  valves  open  upwards.     The  piston 

being  at  the  top  of  the  c>'liiidcr,ot\  making  a  downward  stroke, 

the  valve,  B,  of  the  cyfrnder  clooos,  that  of  I)  opens,  and  water 

I  flows  through  it.     On  making  the  upward  stroke,  the  reverse 
takes  place.     The  cylinder  valve  B  opens,  that  in  the  lube  D 
closes,  and  the  water  flows  into  the  cylinder. 
Usuiitly  an  air  or  condensing  ctmmher  is  attaolicd  to  the  exit 
tube.     Its  function  is,  by  the  comjiressibility  and  elastic  proper- 
ties of  the  air,  to  make  the  discharge  of  water  ccntinnons  and 
relieve  the  muchinc  from  the  shoeks  to  which  it.  would   ho 
submitted  by  the  action  of  the  piston  on  the  slightly  conipres- 
aiblc  water.     The  air  ebauiber  is  virtually  a  gas  spring,   and 
serves  I  he  same  purjvosc  iis  any  elastie  B[»ring. 
^h     The  action  of  the  heart  is  conducted  on  the  same  principle  as 
^Pa  simple  force-putnp.    It  does  not  exert  any  suction  action  on  the 
H  veins,  but  merely  receives  the  blood  from  them  and  forces  it  into 
the  arteries  of  the  lungs  or  of  the  body. 

In  the  third  form  of  pump,  the  departure  from  that  just  con- 

■  sidered  consists  in  removing  it  to  a  distance  above  the  fluid 
instead  of  placing  it  therein,  a  pipe  being  attached  to  the  lower 
part  of  the  cylinder.  On  making  an  upward  movement  of  the 
piston,  wotur  is  forced  ujt  into  the  cylmder  bv  the  iiressure  of 
the  air.     This  constitutes  ihe  lit^  action,  iind  is  Iinuted  to  thirty- 

•  four  feet,  as  in  the  ordinary  pump.     The  down  stroke  of  tne 
piston  produces  Ihe  force  action  us  l>efnre  described. 
limit    to    this    latter    movement    is    the 
^  strength  of  the  apparatus  and  the  power 
H  available. 

'  Another  device,  for  tlie  special  purpose 
of  forcing  aeids  out  of  the  carboys  in 
which  they  are  stored,  has  been  recently 

I  introduced.  It  consists  of  a  rubber  cap 
nr  stopper.  A,  which  fits  the  mouth  of  the 
carboy  air  tight.  Through  this  two  lubes, 
11  and  C,  pass.  Tube  C  goes  to  the 
bottom  of  the  vesst.!.  Tube  B  merely 
passes  through  the  stopper;  it  t".'niiimitee 
above  tn  a  small  force-pump  by  which  air 
is  forced  through  B  into  the  upper  part  of 
tho  carboy.  Ibe  elastic  force  of  this  con- 
densed nir.  acting  on  the  surface  of  the 
acid  in  the  carboy,  forces  the  liquid  (brough  the  tube  C.  By 
this  contrivant*,  8tn»ng  acids  may  bo  Iransferred  without  the 
escape  of  irritating  fumes  which  so  often  attend  the  pouring  of 
liquid  from  a  carboy. 
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144.  Hydraulic  E.am. — When  water  ib  flowing  tVeelj-  from  a 
•topcock,  if  we  suddenly  check  its  Btienpe  the  ^lipe  eniite  a  wouml 
OH  though  it  were  struck.  Thie  sound  originates  in  the  nio- 
mentum  uf  the  water  moving  in  the  pipe,  and  depends  directly 
ou  llio  weight  and  rate  of  ino%*cment.  In  place  ot  allowing  t)w 
shock  of  the  moving  water  to  spend  itself  upou  tlie  pipe,  let 
relief  he  ofiered  hv  a  small  ofvening  made  in  its  side.  If  the 
stopcock  he  then  suddenly  closed,  a  tine  jet  of  water  will  be  »eeu 
to  apurt  from  the  opening  to  the  height  of  many  feet,  and  the 
elack  or  noise  will  disappear  or  be  greatly  lessened. 
The  hydranliu  ram  acts  on  the  principle  Just  described.     Id  it 

tlie  nioincntum  of  a  colntnn  of  water 
is  applied  to  the  raising  of  a  portion 
of  tiie  column  to  a  very  great  height, 
compared  with  that  of  tho  original 
source  from  which  the  water  was 
derived.  The  iimchine  consists  of  a 
tube,  A  C,  two  or  three  inches  in 
diameter,  and  twenty  or  more  feet 
in  length,  with  a  fall  such  as  may  he 
available,  say  three  to  ten  or  more 
foot.  At  A  there  is  a  molal  valve,  guided  and  conirolled  by  a 
h>op.  The  valve  opens  downwards.  At  B  another  valve  gives 
acee^  to  the  reservoir  above,  this  opens  upwards;  D  is  the 
delivery  tube. 

When  the  water  \n  the  pipe  0  is  at  rest,  the  heavy  metallic 
valve  at  A  falls;  through  tlie  openiug  thus  made,  the  water  iu 
C  passes,  a  ilow  is  thus  estabiiahed,  which  soou  becomes  so 
strong  that  it  raises  tho  valve  at  A.  The  momentum  of  the 
column  of  water  in  the  tube  being  thus  suddenly  ehceked,  it 
relievfs  itself  by  paissiiiic  iuto  the  pear-shaped  chamber  t>y 
raising  the  valve  at  B.  "rbe  chamber  \n  constructed  to  act  like 
an  air  or  condensing  chamber.  When  the  momentum  of  the 
eolunin  of  water  has  been  relieved  by  the  passage  of  a  portion 
into  the  condensing  ciminbcr,  and  the  pressure  on  the  viilve  B 
lessetts,  the  return  of  the  water  is  prevented  by  the  closure  of 
the  valve  B.  The  water  in  tlic  tube  C  having  come  to  rest,  the 
vulvc  A  drops,  tlie  flow  is  reestabiished,  agiiin  checked,  again 
there  is  CfiL-ape  through  B.  This  action  coutiuuiug,  ttuflicient 
pressure  in  hiially  accumulated  tu  the  air  vessel  to  raise  the 
wiitcr  foiled  into  it  to  a  vertical  height  of  a  hundred  feet 
or  more  above  the  ram  through  the  tube  D. 

The  hydraulic  ram  is  csjtccially  adapted  to  supplying  water 
to  houses  in  the  couutry.  In  old  days  the  farmer  built  his 
house  under  the  shelter  of  a  hill  to  protect  it  from  the  blat^ts  of 
winter.  At  the  same  time  he  assured  himself  of  a  supply  of 
water,  either  fwiu  a  spring  or  from  a  well.     In  tJiese  times, 
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when  the  merchant  has  iiccumulfitod  nionev,  he  roars  a  ptilattal 
niausion  in  the  country'.  Extended  view  of  the  surrounding 
landecape,  and  free  exposure  to  cver^'  summer  zephyr,  aru  the 
thinp*  he  chiefly  seckii.  An  timplc  fiupptj-  of  water  throughout 
the  houKe  in  also  e«i8enl.ial.  To  obtain  thiB  on  the  hill  summit, 
he  most  either  construct  tnnks  in  the  top  of  the  building  id 
which  lar^e  quantities  of  rain  water  may  be  stored,  or  resort  to 
pumping  water  from  sourceB  below  the  level  on  which  his  honee 
U  built. 

Under  these  ci ream etan cos,  if  a  suilicient  flow  of  water  is 
■vailahle,  the  hydraulic  ram  furnishes  just  what  is  needed. 
Once  thrown  into  action,  it  works  for  months  or  even  yuan 
without  Hiiy  attention.  All  thai  is  necessai-y,  is  to  protect  it 
and  its  pipea  from  frost,  by  placing  them  deep  in  the  ground. 
:6and  or  grit  should  also  be  prevented  from  gaining  access 
to  the  interior,  where  it  would  wear  the  valves. 

When  the  supply  of  water  is  not  sufficient  to  work  the 
machine  continnnuHiy,  the  ram  may  still  be  used  by  conBlmeting 
a  ciMern  into  which  the  water  may  run.  Thus,  in  the  course  of 
twenty-four  hours  a  sutlicient  quuiiUly  may  be  accumulated  to 
mn  the  ram  for  a  number  of  hours  or  long  enough  to  furnish  a 
sufficient  supply  for  the  needs  of  the  establislmieDt.  Under 
these  circumstances,  tlie  storHge  cistern  should  be  broad  and 
sbftUow,  not  deep.  The  tube  conveying  the  water  from  it  to  the 
ram,  should  have  considerable  fall  and  length,  to  gaici  as  much 
momentum  as  possijble.  The  greater  the  momentum,  the 
greater  the  proportion  of  water  raised.  There  is,  of  course,  a 
hntit  to  the  shock  the  machine  will  stand,  and  the  momentum 
must  be  kept  within  lioiinds.  To  reduce  the  hydraulic  triction 
ta  the  tube  which  conveys  the  water  to  the  bouse,  and  which  is 
often  at  aeonsidemble  distance,  it  should  have  a  bore  at  least  one 
inch  Id  diameter. 


Dkvelopment  of  PoWBfU 

Next  to  air,  water  is  the  essential  of  greatest  importance  to  the 
support  of  life.  Wo  cannot  exisi  for  nioi-e  than  a  few  moments 
without  air.  Deprived  of  water,  life  may  be  .sustained  for  a  few 
days.  Without  fbo<],  but  with  sufficient  supply  of  water  and 
air,  wo  may  lire  for  many  weeks. 

To  secure  a  sufficient  supply  of  this  importont  fluid,  not  only 
for  the  absolute  maintenance  of  life,  hut  also  for  the  preserva- 
tion of  health,  is  a  mutter  which  commands  tlie  earnest  atten- 
tion of  physicians.  Therefore,  it  is,  that  we  have  presented 
at  length  all  the  ordinary  devices  for  raising  water,  so  that 
rit  may  be  available  in  sufficient  quantity  to  secure  the  most 
perfect  cleaaliness. 
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In  cities,  a  liberal  supply  of  water  to  each  iDdividual  is  of  even 
greater  importance  than  in  the  country.  To  meet  this  demand 
on  the  scale  required,  neccBsitates  the  exercise  of  considerable 
ingenuity.  To  raise  a  sufficient  amount  of  water  for  the  demands 
of  a  large  community,  means  the  expenditure  of  considerable 
power.  This  may  always  be  obtained  by  the  agency  of  steam, 
but  if  a  sufficient  flow  of  water  is  available,  it  is  far  more 
economical  to  press  it  into  service  as  the  source  of  power. 
The  production  of  power  from  running  water  may  be  accom- 
plished either  by  water-wheels  or  by  the  turbine. 

145.  Water-wheeli.  —  These  are  of  three  kinds:  1st.  The 
undershot  wheel,  in  which  the  paddles  of  the  wheel  merely  dip 
into  the  water  of  the  stream  as  it  flows  past.  2d.  The  breast 
wheels  in  which  the  water  meets  the  wheel  less  than  half  way  up 
its  height,  and  then  by  means  of  a  curved  trough  i?  kept  in  con- 
tact with  the  paddles.  In  this  form,  movement  is  produced 
partly  by  the  impact  of  the  water  against  the  buckets,  and  partly 
by  its  weight  as  it  passes  down  the  trough  and  carries  the 
buckets  before  it.  3d.  The  overshot  wheel;  in  this  the  paddles  are 
shut  in  on  the  sides  and  converted  into  buckets.  The  water 
being  delivered  on  the  top  of  the  wheel,  the  buckets  fill,  and  the 
action  is  entirely  the  result  of  the  gravity  of  the  water.  For  a 
given  quantity  of  fluid  this  form  gives  the  maximum  of  effect. 
It  is,  however,  only  applicable  wheu  the  fall  of  water  is  of  suffi- 
cient height.  The  breast  wheel  answers  best  with  small  fall  and 
lar^e  flow. 

By  the  use  of  one  of  these  wheels,  in  a  stream  of  water  nnfit 
for  the  purposes  of  domestic  use,  power  may  be  generated 
whereby  the  water  from  springs  at  a  distance  may  be  raised. 

146.  The  Turbine  is  a  modification  of  the  hydraulic  tourniquet 
or  Barker's  mill  (124).     It  consists  of  a  drum  closed  at  top  and 

bottom.  The  interior  of  the  drum  is 
divided  into  a  series  of  curved  channels, 
which  radiate  from  its  axis.  The  water 
is  admitted  through  the  axis,  which  is 
hollow,  and  passes  into  the  channels; 
by  its  reaction,  as  it  glances  off  the 
curved  blades,  the  drum  is  caused  to 
revolve. 

Various  modifications   of  the  above 

have  been  introduced.      In  some    the 

blades    revolve    in    the    drum    and    so 

develop  power.      On  a  great  scale,  turbines  are  employed  at 

Philadelphia  for  the  purpose  of  raising  the  water  used  in  that 

city. 


Fio.  42. 
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17.    The  Centrifagal  Pump. — The  luenlioit  of  this  iippurtitus 

been  iltilVrred  tuitil  now  for  the  sake  of  brevity  of  ucsorip- 

Uon,     It  is  virtually  a  turbine  rever$e<l.     By  ste^iu,  or  other 

power^  ttio   blades   in   the  luel  dceeribed  form  of  turbine  arc 

thrown  into  rapid  revolution.     Water  ia  then  admitted  at  the 

■  axil),  it  \i  caught  by  the  rfvalvinj;  8rm«  and  Imrlcd  to  the  cir- 
irumference,  where  the  centrifugal  force  developed  is  so  great 
that  the  water  nmy  by  i^iiituble  lueaue  be  made  to  rise  in  large 
volume  to  u  moderate  bt'ij;ht. 
Ml  This  form  of  pump  is  admirably  adapted  to  the  purpoees  of 
^Bdnina^c  wlicre  the  height  to  be  surmounted  is  not  very  great. 

I 
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Liberal  supply  of  water  to  ancient  cities  was  largely  efiected 

|;  bj  means  of  open  canals.     Kiiins  of  these  still  exist  in  coniiee- 

tion  with  the  gigantic  cities  of  Assyria.     Through  llicir  agency 

the  hanging  gardens  of  ilabylon    were   supplied.      I'hfBnieia, 


.lordaii,  and  Egypt,  uleo  jtreseut  innumerable  luins  of  crunals, 
tankH,  and  a<iueductH.  80  exteimive  were  (he  aijiieducts  of 
ancient  Itome,  tliat  they  delivered  a  jier  capita  supply  of  forty 
gallons  a  day  to  its  enormous  po])u1ution.  Some  of  these,  artd 
uiero  were  about  twenty,  were  over  forty  miles  in  length. 
They  pierced  hills,  and  traversed  valleys  on  lofty  arches  ot 
brioK.  many  of  which  are  standing  at  the  present  day. 

It  i*  worthy  of  remark  that  a  large  part  of  the  supply  ol 
water  to  Komt-  was  consumed  at  the  baths.  The  Jack  of  mate- 
rial, other  than  earthenware,  for  the  construction  of  pipes  which 
could  resist  the  pressure  of  a  sufficient  bead  of  water,  prevented 
its  general  introduction  into  bouses.  Iletice  arose  the  immense 
public  baths,  which  were  one  of  the  chief  places  of  public 
resort  of  tliosc  days.  It  is  true,  that  in  the  palaces  of  the 
wealthy,  water,  arid  even  fouutaius,  were  to  be  found  in  their 
oourts.'but  nothing  existed  to  be  compared  with  the  distribution 
throughout  the  lolly  houses  of  our  tinte. 

Tlioagh  the  present  supply  to  New  York  City  is  i)5,O00,0O0 
gallons  dailv.  which  is  about  80  giillons  per  capita,  it  is  doubtful 
if  the  actual  cont>uiuptiun  for  purpoisc^  of  cleanliness  is  equal  to 
that  of  ancient  Jtome.  .So  great  is  the  quantity  of  water  used 
in  New  York  for  manufacturing  punioscs,  and  so  little  attention 
in  Tttatl  to  waste,  that  it  is  estimated  that  much  less  tlian  one- 
hiuf  of  the  supply  is  actually  used  in  domestic  service.  This 
would  give  less  ilian  forty  gallons  per  capita,  which,  as  stated 
Above,  was  the  Roman  allowance. 


148.  Katerials  for  Hydranlie  Engineering. — The  Roman  aque- 
ducts weit)  built  almost  entirely  of  brick  and  hydraulic  cement. 
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The  perfect  adaptation  of  thoeo  luaCerialB  to  tlie  purpose  to 
wliicn  they  wore  applied,  is  demonstrated  by  the  manner  in 
which  these  water  conduita  have  Aiirvived  the  ravage*  of  lime. 
Another  advantage  they  iiresent,  in  addition  to  that  of  iiupur- 
ishability,  in  that  when  liydruulic  cement  has  once  fairlv  set 
and  hardened,  it  i«  as  little  acted  upon  by  water  as  is  brick 
itself.  The  ivatcr  delivered  by  these  aqueducts  was,  therefore, 
free  from  any  impurity  other  than  what  it  may  have  brought 
from  the  hiilB  among  xvhieh  it  was  collected. 

Not  only  was  Kome  prcat  in  its  nniiednotB,  but  it«  sewers 
alao  excelled  thoite  of  modern  times.  Even  at  the  present  day 
hardly  a  aewer  exists  that  can  compare  in  size  with  the  Cloaca 
Maxima,  and  not  one  surpaues  it  in  workmanship. 

The  great  advantage  in  the  distribution  of  water  possesaed  by 
modern  engineers,  is  the  adaptation  of  pipes,  made  of  different 
merale,  to  this  purpose.  In  ancient  days  there  was  little  choice 
beyond  lul)c«  ot  earthenware  cemented  together,  or  rude  wooden 
tubes  made  like  boxes,  or  by  boring  stems  of  trees.  These  can 
only  withstand  moderate  pressures.  As  the  houses  in  those 
days  were  not  very  lofly,  rarely  being  more  than  one  story  hieb, 
these  mmple  contrtvar^ces  sufticed  for  the  circumstances  una«' 
which  they  were  employed. 

The  imtuense  tubes  of  cast-iron  now  usetl  as  the  water  mains 
of  great  cities,  are  one  of  the  recent  contributions  of  science  to 
the  comfort  and  health  of  communities.  The  spinning  of  lead 
pipes  is  also  a  modern  device,  while  the  lining  of  leaden  pipe 
witli  pure  tin  is  an  operation,  the  age  of  which  is  practically 
limited  to  the  last  twenty-live  years. 

Of  the  materiaU  just  mentioned,  though  iron  is  slowly  acted 
on  by  water,  the  retiultant  oxides  are  innocuous.  Heceut  ira- 
proveraents  have,  moreover,  so  reduced  the  price  of  small  tubes 
of  iron,  that  they  are  very  generally  drivine  out  those  of  load. 
The  difficulty  in  the  use  of  lead  is  its  liability  to  cause  con- 
tamination of  water,  by  being  slowly  dissolved  therein  as  a 
supcrcarbonale. 

When  water  is  very  pure,  the  liability  to  the  introdnction  of 
poisonous  lead  compounds  is  much  greater  than  when  it  is 
impure,  or  contains  sulphates  of  lime,  soda,  potassa,  etc.  Kmn 
water,  by  virtue  of  its  freedom  from  the  salts  we  have  men- 
tioned, is  far  more  liable  to  contamination  than  is  spring  or  well 
water.  Tlie  latter  nearly  Qlwayacontuina  sulphates,  which,  uniting 
with  the  lead  as  soon  as  it  is  dissolved,  form  a  coating  of  a  per- 
fectly insoluble  eulphale  of  lead  on  the  interior  of  the  pipe.  An 
old  lead  pipe  will,  therefore,  deliver  a  purer  water  than  one  \vhich 
is  new.  Advatitagc  has  heretofore  been  taken  of  this  fact,  and 
where  a  pure  water  wiis  to  be  conveyed  in  lead  tubes,  they  have 
been  tilled  with  solutions  of  sulphates,  or  of  soluble  sulphides. 
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hnd  on  insolable  lining  of  sulphate  or  of  sulphide  of  lead 
>rmcU. 

The  Hnhility  of  the  coating  above  mcntinned  to  fistturo  and 

tlit  under  ruryinjr  cbunges  of  temperature  and  expose  the  lead, 

bus  rvsulled  in  the  intruduclion  of  a  process,  whereby  at  the 

'inie  ibu  lead  pipe  is  spun  n  lining  ot  tin  is  ul.'^o  spun  in  its 

ilerior.    If  propLM'ly  constructed,  no  pipe  equuls  this  in  freedom 

nil  conlaniitiation  in  the  water  it  t-onveys.     The  diilicntlies 

'•re:  let.  The  liability  to  use  impure  tin,  in  which  case  a  voltaic 

circuit  is  cstuhlished  between  the  alloyed  motuls  and  the  water, 

and  »o  itoisonous  metallic  euhs  arc   introduced  into  the  liquid 

ill  the  tube.      2d.  The  ditHcully  of  making  jointt*  in  which  two 

niciul.4  thai  I  not  come  in  contact  with  the  water  and  produce 

,the  snnic  result  as  if  the  tin  was  impure. 

I    Of  all  eubstunces  that  may  be  employed  for  the  conveyance 

'of  water,  ^lass  is  perhaps  the  best.    Its  bnttleness  has  heretofore 

prevented  its  introduction.     Perliaits,  in  the  future,  malleable 

rjla*»,  which  is  now  only  known  as  a  curiosity  of  the  laboratory, 
may  fiud  its  practical  application  in  the  constructiou  of  water 
pipes. 

I     149.  fiewage  in  Houses  is  one  of  the  questions  in  hyppene 

which  is  now  a  fsubjcci  of  generiil  inquiry.     We  cannot  put  it 

more  clearly  before  the  reader  than  by  a  brief  account  of  the 

|de%-elopnuMit  of  this  important  factor  in  the  constructiOD  of 

louses  in  New  York. 

When  the  Croton  water  was  first  introduced  into  the  city,  the 

Iroets   were  uot  f»ener»lly  sewered.     It  was,  therefore,  the 

immoTi  practice  to  prepare  a  reccptnelc  for  the  waste  water 

md  sewage  from   wator-cloeote,  by  knocking  a  hole  in  the 

jttom   nt   the  old   rain  water  cistern,  or  by  construetiuff  a 

[ccMpool  in  the  cellar.     Though  the  wiilcr-closets  of  those  uay» 

miulit  have  traps,  the  pipes  from  the  basins  and  siuks  were  jfen- 

ormly  without  them.     Under  these  conditions,  there  were  oftea 

two  tjr  three  feet  of  putrefying  filth  in  the  cesspool,  the  noxious 

gmscB  from  which  gained  access,  by  the  waste-pipes,  to  the  bod- 

roonts  in  all  parts  of  the  house. 

^     In  lime,  th«  sewcr  system  of  the  city  was  completed,  and  the 

^kbolition  of  cesspools  became  general,  much  to  the  advantage  of 

^Rtlie  health  of  the  community.     In  scattered  localities,  however, 

^Kbesc  foci  of  disease  still  exist. 

^■^Tbough  the  sewers  were  a  great  improvement,  they  did  not 

HWccontplish  all  that  was  [lossible,  because  of  faulty  constructioD. 

In    many  loailities   the   dttsccnl  wiis   not  a  conlinuous  gentle 

[^decline,  but   here  and  there   parts  were  horizontal    and    even 

lightly  raised.    The  cousequeiice  was  the  fonitatiou  of  pockets, 

a 
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which  became  foci  of  fermentation  as  bad  as  the  old  ee»- 

pools. 

T<»  iivoid  the  passage  of  fbo  odorous  scwcr  gae  into  !ho  house, 
every  basin  or  oUier  outlet  was  then  carefully  trapped  in  the 
manner  shown  in  the  figure.  B_v  this  device,  a  portion  of 
the  water  flowing  out  of  the  basin  w:u  retaine<l  in  (he  ticnd 
of  the  tube  at  A,  and  acting  as  a  water  valve 
prevented  the  acccsa  of  sewer  gus  to  the  houBc. 
The  pipe  at  B  is  the  overflow. 

The  difficulty  with  this  simpU  imp  was,  that  tht 

waste-pipe  beinj^  often  of  amall  diameter  and  of 

the  Kanie  calibre  a»  the  trap,  the  water  in  pa8i*iDg 

dijwn   the   dtwccniliiig  portion  of  the  waal«-pipe, 

drew  witli  it  the  hiwt  portions  of  fluid  out  of  the 

trap  (123),  and   thue,   being   emptied,  it   became 

_  UBelees.     When  u  large  quantity  of  water  pae*ed 

down  the  general  waste,  as  when  a  bath  was  di»- 

chnrgvd,  the  exhaust  in  the  pipe  was  olYcn  ttn  crrcat  as  to  draw 

the  water  from  all  the  traps  in  the  house  and  leave  it  without 

protection  fi-om  the  acceas  of  eewer  gas. 

When  waste-pipes  have  been  in  use  for  some  time  they 
become  coated  m  the  interior  with  a  deposit  of  organic  mature 
which,  undergoing  putrefaction,  gives  out  a  most  intolerable 
stench.  It  ia  from  the  pipes  in  the  house  rather  than  from  the 
Bower,  that  the  mo«t  abominable  of  the  so-called  sewer  uuiana- 
tioiis  arise.  The  deposit  in  que.''tion  is  the  curdy  material  which 
mar  always  be  seen  on  the  sides  of  a  bath  after  use,  especially 
when  soap  has  been  freely  employed.  It  eousists  of  epilbelium 
with  oily  and  saline  excretions  removed  from  the  surface  of  the 
body  by  rubbing  it  with  water. 

Soap  also  offerk>its  share  of  contribution,  especially  if  there  he 
aT»y  lime  salts  in  the  water,  which  is  nearly  always  the  case. 
The  manner  in  which  it  acts  is,  that  whereas  poaps  with  potash 
and  soda  are  soluble  in  water,  that  formed  with  lime  is  irisolnble 
and  produces  tlic  curdy  material  which  always  appears  when 
soap  IS  used  in  a  hard  itr  time  water.  This,  in  place  of  passin;^ 
down  tlie  waste  to  the  sewer,  adheres  in  (jnantity  to  the  walls  of 
the  waste-pipe.  When  persons  recovering  from  exautbematous, 
or  other  aiseases,  use  the  hath,  the  genus  of  these  arc  also 
entrapped  in  the  curd,  and  lie  in  wait  for  such  time  as  may 
bhn^  them  release  and  set  them  free  for  further  action.  Doubt> 
less  in  the  material  in  which  they  6nd  themselves  embedded, 
opportunity  is  oft'ered  for  the  development  of  contagion  spores 
in  innumerable  hosta. 

The  prevention  of  the  formation  of  these  accumulations  iu 
waatc-pipes  has  been  one  of  the  problems  of  modern  hydraulic 
science.     It  has  been  found  that  if  a  circulation  of  air  can  be 
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Cfpt  up  ill  iha  tubes,  the  deposit  will  dry,  and  peeling  ofl" 
pjws  into  the  eewer  aud  be  disposed  of.  To  secure  this  ven- 
tUation  the  waste-pipes  must  liuve  Hufficicnt  eizo.  the  smullcat 
boiDg  at  least  two  inches  in  diumcter  of  bore.  The  larger 
tubw  should  liave  a  bore  of  six  inches.  They  should  be  made 
of  iron  pipe,  the  joiniB  of  which  arc  carctully  clmcd  with 
lead. 

lu  the  lu^oinin^  tigiire  a  Hiniple  [ijan  i^  given  uf  one  of  the 
beat  nrran^mentfi  of  wii«te<pipe!t  to  necure  ventilation  thereof. 


VtQ.U. 
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TPVom  the  sewer  the  dniiu  wbuuld  rise  gently  until  it  approacheB 
tliu  houst^  Within  a  few  feet  of  tlie  foundation  wall  a  trap 
khould  be  formed.    Tliio  will  prevent  any  paasage  of  gan  irom 
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the  sewer.  Just  as  it  leaves  the  trap,  a  hrancb,  five  inches  in 
diameter,  should  pass  vertically  upwards  and  commuDicate  with 
the  external  air  as  at  A.  On  entering  the  house  the  main  waete- 
pipe  should  pass  at  an  incline  along  one  of  the  side  walls  of  tbe 
cellar  to  its  chief  connections  with  the  house  pipes  and  leaden 
from  the  roof.  Being;  expoBed  throughout  its  whole  length,  any 
leak  or  imperfection  may  be  at  once  detected  and  remedied; 
careless  workmanship  is  also  easily  discovered. 

The  slight  difference  in  expense  of  this  method,  over  that  of 
laying  earthenware  pipes  under  the  cellar  floor,  is  not  worthy  of 
consideration,  when    compared    with    the    increased  security 
offered.     So  carelessly  is  work  done  hy  the  workmen  of  our 
day  that  it  is  often  foun<l,  after  examination,  that  these  hidden 
pipes  have  been  partially  plugged  with  various  materials  when 
they  were  laid.     At  other   times,  no  attention  is  paid  to  the 
preservation  of  a  continuous  decline,  but  shallow  pockets  in 
Which  solid  sewage  accuninlates,  are  formed  at  more  than  on© 
position.     In  every  case  many  and  frequently  all  the  joints  aro 
open,  and  without  the  first  vestige  of  cement.    What  wonder, 
in  the  latter  ease,  that  the  leakage  from  the  waste-pipes  suffices- 
to   keep   the   subsoil  of  the  cellar  damp  with    liquid  sewage, 
and  suited  to  the  development  or  propagation  of  various  dis- 
eases. 

At  the  most  convenient  position,  which  will  generally  be 
some  twenty  feet  from  the  rear  of  the  building,  the  waste-pipe 
should  pass  vertically  upward,  out  through  the  roof,  and  to  a 
height  of  live  or  six  feet  above  the  same.  Here  it  should  termi- 
nate in  an  elbow  at  B.  In  its  whole  length,  from  A  to  B,  the 
waste-jnpe  forms  an  air  siphon,  the  short  arm  being  at  A,  and 
the  ascending  portion  forming  the  long  arm.  An  upward 
draught  is  established  in  the  long  arm  by  virtue  of  its  greater 
warmth,  as  is  the  case  in  a  chinnicy-shaft.  Its  course  is  shown 
by  the  arrows.  To  nniintuin  the  draught,  air  enters  through 
the  short  arm  at  A,  an<l  so  the  main  drain-tube  is  freely  venti- 
lated throughout  its  whole  extent. 

With  a  free  current  of  air  in  the  main  drain,  the  lateral  pipes 
of  communication  with  the  basins  and  closets  may  be  sufficiently 
ventilated  to  secure  the  drying  and  removal  of  the  deposit, 
when  water  is  not  pasfing  along  them.  At  the  same  time, 
free  communication  by  the  vcrtii-al  pipe  with  the  external  air, 
and  its  groat  diameter,  prevent  the  establishment  of  exhaust 
of  any  conse(iuence  upon  the  trat)S,  and  thoy  are  not  emptied, 
If  with  Bueli  an  arrangement  as  this,  the  water-closets  and  traps 
are,  from  time  to  time,  frucly  tlushed  out  with  a  liberal  supply  of 
water,  the  chances  for  tlic  development  ot  noxious  gases  and 
germs  are  reduced  to  the  minimum. 


150.  UtUiiatioB  of  Sewage. — Though  the  iitilizntion  of  tho 
orgunic  mtittur  in  ili«  sewage  ot"  great  cities  has  recttved  Httlu 

■or  no  uttciition  in  this  country,  vnrJouR  nicthofls  liave  be«u 
Hadopted  in  Europe.  Among  those,  the  ftiniplest  i«  the  direct 
Iqsc  of  the  Bewapc  water  for  ihu  purposes  of  irrigatiun.  Many 
Hdcncca  hnve  also  been  suggested  fur  the  precipitation  of  the 
H-organic  material  froni  thu  iiiiiiii.Mi8e  niii«8  of  liquid  in  which  it 
li^  su!^pcndcd.  Of  theec,  the  most  satisfactory  i«  that  by  the 
'  luperphosphate  of  magnesia,  which  not  only  tlirowa  down  tho 
organic  matter,  hut  at^o  addB  to  it  the  phospliate  80  necessary 

■  for  tho  formation  of  a  firat-c-larts  fertilizer. 
The  mrthod  by  matpiesian  phosphate  consists  iu  coUectinff  the 
■enrage  di^ctiars^e  of  a  day  in  an  imniensc  tank.  As  it  flows 
in,  it  rocifives  its  small  jn-oportion  of  magnesiau  phosphate.  It 
is  allowed  to  stand  a  day  or  so  for  tho  precipitate  to  eettlo. 
^.ftfcanwhilc  the  sewat^c  is  directed  into  another  tank,  and  bo 
loou  is  to«t.  When  the  solid  matter  in  tho  first  tank  has  settled, 
K'  elear  water  is  discharged,  a  now  supply  admitted,  and  a 
econil  deposit  forma.  After  the  depositji  have  gained  sufficient 
lepth,  they  are  removed,  dried,  and  packed  for  usu.  Doubts 
jBvo,  of  lale,  been  raised  as  to  the  wisdom  of  the  use  of  these 
lo(>o$il8  on  account  of  their  liability  to  contain  germs  of  dis- 
I,  and  to  favor  their  propagation. 

151.  Markh  Dralning^  and  Malaria. — In  closing  the  subject  of 
hvdnuilic.';  it  sofMiH  proper  tliat  a  few  lines  should  he  devoted  to 
tte  subject  of  the  drainage  of  marshes,  in  connection  with  the 
development  of  maluriu- 

Kxpericncc  bus  shown  that  muhirial  poison  is  generally  most 
troubk'ftoine  in  iIiobc  years  in  which  there  has  been  a  deticiency 
in  the  rainfuli.  The  common  expianafion  given  of  this,  is  that 
under  these  circumstances  the  water  in  marshes  having  fallen 
below  its  normal  level,  the  blacrk  ^liiue  of  organic  matter  form- 
ing their  beds  has  been  exposed  to  the  strong  heat  of  the  sam- 
mer  8un,  and  the  malarial  emanations  thereby  increased  in 
qtiantily  and  intensity.  Low  water  in  the  great  rivers  of  the 
Weet  is  also  followed  by  increase  in  and  aggravation  of  malarial 
troubles. 

Development  of  malaria  likewise  occurs  from  the  mere  uiv 
turning  of  earth  which  baa  been  undisturbed  for  many  years. 
or  this  Southern  Now  York  has  given  evidence,  in  the  five 
fttVK  waves  of  nmhiria  that  acc^oinpanied  the  construction  of 
tho  Croton  Aqueduct,  the  building  of  the  Harlem,  Hudson 
Kiver,  and  New  Haven  railroads,  and  of  the  Fourth  Avenue 
Tntinol.  Even  tlie  mere  ploughing  of  an  old  orchard  ia  not 
without  itfi  ofTect.    In  the  latter  case,  if  the  upturning  is  dune 
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late  in  the  fall,  and  the  earth  exptwed  to  winter  frostB,  there  is 
much  lees  probability  of  nialanal  emanations,  than  if  the  earth 
IB  turned  late  in  the  spring  or  during  the  summer. 

These  facts  show  that  when  it  is  deemed  proper  to  drain  a 
marsh,  arrangements  should  be  made  to  carry  the  operation  oat 
as  late  as  possible  in  the  fall  of  the  year,  and  still  leave  sufficient 
time  to  give  the  soil  an  upturning  before  it  freezes.  Thus,  the 
winter  air,  charged  as  it  is  with  ozone,  may  have  an  opportunity 
to  come  in  contact  with  the  material  from  which  malarial 
emanations  arise,  and  exert  its  destructive  action  upon  it 

In  no  case  should  a  marsh  be  either  drained  or  its  bed  ex- 
posed to  the  intense  heat  of  the  summer  sun. 


SECTION   IV. 
GASEOUS  MATTEU 


CIIAPTER    XI. 


GENERAL  A>'I>  SPECIAL  PKOPEKTIES  OF  OASES. 

OMMnil  ob««rv«tHinft  roKRrdinc  K«te«— Form  nut  flx«d — OflMchave  «r«ieht — Rt- 
anit«  l)<!h)i)(l  dlvidiiig  K>Ud — Hj'pothcticil  ontlituttdn  of  e<>"<!f^ — Vftpin — 
UfilflrtnioaUun  ut  density — B«lau'iin  of  density  ta  conibinhi);  e^ulvalvnt  In 
ipfflMlbiUty—ExpanMbility—Elftfitic  force — ElutlcHy. 

152.  Oeneral  Obsenrations  Eagardlng  Gases. — Ar  water  was  takeo 
I  tbu  type  fur  tliu  exauiiiiuliuu  of  ttiu  proueriiuH  of  liciiiid.'*,  so 
fiflcfH  a  t3*i»e  for  tli«  e.\'aniiiiation  of  tlie  gaseous  tbrni  of 
matter.  The  study  of  tlie  physieal.  in  contnidistinction  to 
the  chemical  propertioa  of  goseH,  is  called  pneumatics.  It  deals 
with  the  weight,  pressure,  elastic  force,  and  similar  properties 
of  Lliis  form  of  matter.  In  illustration  of  the  leading  peculiuri- 
ties  of  gaaea  and  their  contrast  \vitli  liquids,  wc  plii«c  before  the 
rewlcr  the  followinp  extracts  from  the  work  of  Dr.  Arnott. 

"  While  the  ara-iuiitH  hud  that  va>;ue  nutioii  of  air  which 
msdo  them  apply  in  it,  almost  iiidtlforeiitly,  the  names  of  ou*, 
ahfr,  spirit,  brftUh^  lijf^  they  never  dreamt  of  making  experi- 
muntit  ui>oii  it,  with  a  view  to  prove  Wa  identity  with  ffrnsser 
ter.     And  one  of  the  most  interesting  parts  of  the  history 

man's  prof^ress  in  knowledge  is  that  which  tolls  hnw  the 
li|;ht  ijifradually  dawned  upon  this  Bubjcct.  (jalileo  was  the  first 
to  conclude  that  air  made  a  detinite  pressure  upon  things  at  the 
surface  of  the  earth — as  in  forcing  water  into  the  exhausted 
barrel  of  a  common  pump;  Torrirclli  and  Pascal  proved  that 
this  was  caused  by  its  iveight,  and  even  attempted  to  entimnte 
Uiw  height  of  the  aiirial  ocean  ;  I'rient!cy,  IJliicb,  Lavoisier,  and 
"llitrs  discovered  that  air  or  gas  was  of  dijferent  kinds — that, 
for  instance,  one  kind,  eulled  oxygen,  could  unite  with  a  metal, 
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80  as  to  increase  its  bulk  and  weight,  and  produce  a  com- 
pound of  tutiilly  new  qualities;  and  at  last  chemists  analyzed 
the  atmosphere  iteelf,  and  proved  it  to  be  a  mixture  of  two  dis- 
tinct substances.  The  nature  of  gases  has  now  been  so  tlior- 
ougbly  investigated  that  they  can  be  manufactured,  measured, 
and  operated  upon  as  readily  as  the  more  palpable  liquids  and 
solids. 

"The  suspicion  being  once  excited  that  air  is  as  much  a 
material  fluid  as  water,  only  less  dense  by  reason  of  a  greater 
separation  and  repulsion  of  the  particles,  it  is  easy  to  confirm 
the  analogy  by  reference  to  familiar  facts.  Thus,  as  a  leathern 
bag  when  opened  out  under  the  surface  of  water  becomes  full, 
and,  if  its  mouth  be  then  tied,  cannot  afterwards  be  pressed 
together;  so  a  bladder,  opened  out  in  air  and  then  closed,  re- 
mains bulky  and  resisting,  and  forms  what  is  called  an  air-pillow. 
The  motion  of  a  flat  board  is  resisted  in  water;  the  motion  of  a 
fan  is  resisted  in  air.  Masses  of  w^ood,  sand,  and  pebbles  are 
rolled  along  or  floated  by  currents  of  water;  cbatf,  feathers, 
and  even  rooted  trees  are  swept  away  by  currents  of  air.  There 
are  mills  driven  by  water;  and  so  there  are  mills  driven  by  the 
wind.  Oil  set  free  under  the  surface  of  water,  or  placed  there 
in  a  bladder,  is  buoyed  up  to  the  surface;  hot  air  or  hydrogen 
gas  placed  in  a  balloon,  is  buoyed  up  in  the  air.  A  fish  moves 
itself  by  its  fins  and  tail  in  water;  a  bird  moves  and  directs  itself 
by  its  wings  and  tail  in  the  air;  and  as  on  emptying  the  water 
from  a  vessel  in  which  a  fish  swims,  the  creature  falls  to  the 
bottom,  gasps  a  few  moments,  and  dies;  so,  on  exhausting  the 
air  from  a  vessel  in  which  birds  or  butterflies  are  enclosed,  their 
flapping  wings  are  powerless  to  support  them,  and  if  the  experi- 
ment be  continued  they  soon  die." 

153.  Form  not  Fixed. — As  was  the  case  with  liquids,  the  form  ot 
gases  is  not  fixed,  but  is  determined  by  that  of  the  vessel  con- 
taining them.  They  in  this,  and  in  many  other  respects,  re- 
semble liquids,  as  we  have  seen  above.  A  very  good  description 
of  gases  might  be  summed  up  in  the  statement  that  their  char- 
acters and  properties  are  merely  great  exaggerations  of  those  of 
liquids.  Solids  aftbrded  numerous  special  properties,  in  addition 
to  the  general  characters  which  they  possess  in  common  with 
liquids.  In  gases,  the  variety  of  these  that  we  can  distinguish 
is  greatlj'  reduced.  As  we  pass  to  rarer  and  rarer  forms  of 
matter,  there  is  greater  and  greater  simplicity  of  properties. 
As  far,  at  least,  as  regards  tlieir  pliysical  characteristics,  sub- 
stances chemically  difterent  approach  nearer  and  nearer  to  each 
other.  The  properties  wliich  were  general  in  solids  and  liquids, 
are  the  chief  ones  presented  by  gases,  but  they  have  become  so 
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exngi^ratcd  tbot  they  in  reality  are  the  special  propertiea  of 
Ibis  Ibrm  of  matter,  and  as  such  we  abnll  treat  of  them. 

IM.  Oases  have  Weight. — fii  coninion  nith  anlids  and  liquids, 

■tul  imtwiiltsiiiiiding;  ilieir  exccc<ling  levity,  gases  posseas  weight 

or  llii«  a  deiiioiit>tra(ioii   is  offered  Uy  direvl  exporimeut.     In 

Fijf.  45,  A  Tepri.*stMir»H  Hiisk  with  n  caipaoity 

of  one  huiKlred  cubic  inches.     The  month 

is  closed   by  a  st<tpi'iK'k  B."    Atlncbinp  the 

flnak  trt  one  arm  of  a  balance,  it  is  carefully 

I  coonterpoificd.    It  is  then  removed  from  the 

bolance,  ond  brou)j;bt  into  connection  with 

an  air  pump  by  the  screw  on  the  stopcock. 

As  water  ini«|;bt  lie  pumped  nut  of  the  llask, 

•n    the   air  is  removed   by  the  air-puntp. 

When  the  exhaustion  is  complete,  the  6uak 

is  again  attached  to  the  urm  of  the  bulunce, 

[when  it  will  be  found  to  have  lost  weight, 

|Adding  sntfiLirnt  weight  to  the  lielit<'r,  or 

flu'k  iirm  of  the  baluucc-,  until  ccniipnae  is 

jreslored.  it  will  be  found  that  about  ihirty- 

|ouo  grains  are  required  for  that  purpose. 

One  hundred  cubic  inches  of  air,  therefore,  weigh  thirty-one 
!grain!i.     Compiiring  air  with  water,  Ifie  bitter  i.i  stvcn  hundrtd 
\tiui  srvntttf'thrfe   times   the   hairier.      Among   themselves   gasca 
i«h»)w  a  far  greater  variatii^n  iu   weight  than  either  solids  or 
lliquids.     100  enliic  inches  of  hydrogen,  which  is  the   lightest, 
weigh  2.14  grains,  while  100  cubic  inches  of  hydriodic  acid  gas 
weigh  146  grains,  or  u  ratio  extending  from  one  to  sixty-five. 
In  ilio  eafle  of  ether  and  mercury,  relatively  one  of  the  lightest 
■nd  tbe  heavitjBt  of  liquids,  the  variation  is  fi-om  one  to  twenty. 
If  Wo  exclude  mercury  and  cnnline  it  to  noii-nietallie  liquids,  of 
which  sulphuric  acid  is  one  of  the  heaviest,  tlie  prwortion  dimin- 
iKhi-s   (o  about  one  |o  n  little  more  tlian  two.     In  metuU  it  is 
greater  tJian  in  liquids,  the  difference  between  lithium  and  pla- 
tinum being  one  to  thirty-seven.     It  is  true  that  in  the  case  of 
•olids.  the  extent  of  variation  might  be  increased  by  comparing 
cork,  or  other  organic  bodies,  with  plntinnm.  but  that  would 
hardly  be  correct,  since  sucli  organic  Hubstancts  owe  their  light- 
neM  chiefly  to  the  air  entrapped  in  their  atructurc. 

Since  gases  pojseiw  weight,  it  follows  that,  like  fluids,  they 
exert  prcasures  within  their  own  volume.  The  amount  and 
character  of  these  proasures  wo  shall  examine  later  on. 


Weblog 


195.  Rennite  behind  Dividing  Agent. — Since  all  liquids  are 
visilile,  there  is  U'l  dilli^-ult^-  in  tlie-vcritication  of  this  fact.  The 
inviHibility  of  air  and  the  ordinary  gfiseii,  renders  it  more  difli- 
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cult  of  demon  strati  on.     If,  however,  we  Btiliject  ta  experiiVSni 
eorue  goA  which  ie  vi^iible  b_v  virtue  of  its  color,  we  tiif;ii  tiiidl 
that  ^isps  possess  this  jiroperty  in  a  hij;her] 
_        Pio.  46.  degree  than   liquids.      lu    demonstration 

this  take  a  large  bottle  of  colorless  glaM,  Jl^] 
phico  in  it  a  heiiker  with  nunie  copper  trim- 
niings.  U,  and  on  theee  pour  two  or  tlin*] 
drat-hnis  of  nitric  ucid;  red  fuinea  of  tetroxide 
of  nitrojfen  quickly  till  the  vessel.  Then  paai  J 
into   it  a   rm),  ]>,  with   a  circular  disk,  (^.j 
attached  to  it«  extremity.     No  matter  ho»J 
riuickly  the  disk  is  made  to  trtiverse  «cr 
llie  jar,  the  red  gi\s  cloBes  in   behind  it  ia- 
stnntly,  even  though  the  di^k  is  niovcil  with 
the  tlat  surtiiL'c  forward.     Now  paaa  the  liW 
through  water  in  the  euine  manner,  Hat  su 
face  forward,  tliough  the  water  closes  behiiul 
it  there  is  a  short  distance  where  no  water  is  present.     We  thu» 
iind  how  much  more  perfect  the  property  ot  reuniting  i«  in  a 
giis  than  in  a  liquid. 

Thougli  we  cannot  see  thia  movement  of  closure  in  air  on 
account  of  iti*  invisibility,  it  is  very  appai-ent  when  fiufficienl 
velocity  is  given  to  the  dividing  body.  A  rifle-shot,  for  example, 
in  its  pi)K»age  emits  a  pcculiiir  noi^e  caused  by  the  chishmr 
together  of  the  air  in  the  tniL^k  the  shot  has  ploughed  tliroug:E 
that  medium.  Kvcn  fwi  impalpable  a  body  as  lightning,  in  iti 
passage  through  the  atmosphere,  gives  evidence  of  the  same 
fact;  the  thunder  that  altemls  it  being  produced  by  the  viole 
closure  of  the  air  it  has  divided  in  its  course. 

156.  Hypothetical  Conititation  of  Oases. ^Tlie  Kinetic  (lurtu, 
move)  theory  of  Olansius,  as  stated  Viy  Crookes,  is  a^  follows: 

"In  gases  the  molecules  fly  about  in  every  caucei\nibU 
direction  with  constant  collision  and  onorinoua  and  constantly 
varying  velocities,  aiid  their  mean  free  path  is  sufficiently  great 
to  release  tliem  fi'om  the  force  of  cohesion.  Being  free  to  move, 
ilic  ninleeules  exert  pressure  in  all  directions,  and  were  it  not 
for  gravitation  they  would  fly  oil'  into  space.  The  gaseous  state 
reraaiiiH  so  long  as  the  collisions  contiiuie  ui  bo  almost  intinitc 
in  nuTulier  and  of  inconceivable  irregularity.  The  state  of 
gaseity,  therefore,  is  preeminently  a  state  dependent  on  colli- 
sions. A  given  space  contnins  milliona  of  millifuia  of  molecules 
in  rapid  movement  in  all  direclions,  each  molecule  having 
millions  of  enennnlers  in  a  second.  In  such  a  en.sc  the  length 
of  the  mean  free  path  of  the  molecules  is  exceedingly  small, 
couiparud  witli  the  dhnensioiks  of  the  containing  vessel,  and  the 
properties  which  constitute  the  ordinary  gasetnis  state  of  niatleCi 
which  depend  upon  constant  collisions  are  observed." 
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In  HolidR.  as  we  have  t^VQu,  the  eohefiive  or  attractive  force  is 
in  exce*«  of  the  repellant ;  in  lirjuids  those  two  ioreos  are  nearly 
evenly  balanced  ;  in  anises  the  rcpellatit  is  euormout'ly  in  excese 
of  tlio  attractive  force,  so  that  gase^*  may  be  paid  to  poseeRs 
scarcely  any  cobeeive  force  at  all. 

157.  Tapori. — Gases  like  hjdrogen  and  oxygen  were  formerly 
ihnu);ht  (o  he  iKTniaiiently  ^aBCons  in  Ihoir  iiatnre.  No  pressure 
or  iinonsity  ot  cold  to  which  they  could  ho  fiuhndtted  poascteed 
thc{Ki\verofehangtng  their  Hiate.  Impruvumeiitsin  the  niethi'ds 
of  manipulation  have,  however,  hIjuwh  that  the  nio^t  refractory 
gaflc«  may  be  compelled  to  aaftuntc  the  Hqnid  and  even  the  solid 
Kinn.  The  old  division  of  this  group  of  bodies  into  permuuent 
nsea  and  vapors,  therefore,  no  longer  actually  exists ;  uever- 
lliulv^^,  the  convenience  attending  it«  use  is  such  that  it  will 
doubtless  he  i-etaincd  for  some  time. 

A  gas  mntf,  thercfom,  be.  defmrd  as  an  airial  body  tefiieh  cannot  be 
tatU]/ /urctd  to  assume  the  tiqtdd  state. 

A  vapor^  on  the  conirart/,  is  an  atrial  btMly  whifh  may  be  easily  made 
b)  offuwt  the  liquid  stale  by  moderate  rediKlion  of  temperature  or 
itureasf  of  prtssure. 

Under  tlieac  definitions,  iKidies  like  hydrogen,  oxygen,  ear- 
bonic  avid,  are  dealt  with  as  gatics,  while  steam  is  a  vapor. 

As  the  lempcralure  of  a  vapor  approaches  the  point  at  which 
it  tcndfi  to  aiwumc  the  liquid  •<tato,  it  docs  not  contract  and 
extend  regularly.  At  a  certuin  distance  from  iJim  point  all 
vafiorB  obey  the  laws  of  eontracliou  antl  expansions  for  gases. 
When,  therefore,  their  epecitic  gravity  or  other  important  ]>rop- 
erty  is  to  be  determined,  it  alunild  be  at  a  sutlieient  distance  from 
their  point  of  liquefaction  to  insure  accuracy  in  the  results. 


■  Hiei 


IW.  Determination  of  Density. — The  method  is  essentially  (ho 
e  a»  that  for  (he  determination  of  density  of  liquids  by  Oie 
specific  gravity  buttle.  The  great  varialiona  wiiich  the  volume 
of  a  gas  undergoes  from  nlight  ratines,  require  a  number  of  cor- 
rections to  bo  made  in  carrying  out  the  process  as  thus  simply 
stated.  Bv  the  method  of  Kegrmult  some  of  these  may  be 
•voided.  \t  may  be  briefly  descrihed  as  follows :  Two  globes  of 
thin  glass  of  the  same  si^.e  and  ahmtt  a  gallon  in  capacity  are 
taken.  One  of  these  is  iiernietienlly  sealed,  and  suspended 
from  one  arm  of  the  balance.  It  acts  as  a  volume  counterpoise 
to  the  other  globe  which  is  to  be  employed  for  experimentation. 
Since  both  globes  will  expand  and  contract  at  the  same  rate 
oniler  variations  of  tempemture  and  pressure,  their  changes 
will  balance  each  other,  and  thei**;  sources  of  error  arc  conse- 
quently eliminated  from  the  operation. 

The  experimental  globe  is  tilled  with  air  or  with  the  gas  at 
loro  ccDtigmdo,  the  melting  point  of  ice.    This  is  done  by 
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placing  it  in  a  vessel  of  ice,  then  by  means  of  a  three-way  cock 
It  may  be  connected  either  with  an  air-pump  or  with  vesseli 
holding  purified  air  or  gas. 

The  weight  of  th(^  empty  globe  is  first  determined,  the  air 
having  been  removed  by  as  perfect  an  exhaustion  as  possible. 
Air  which  has  been  purified  by  passing  it  through  tubes  con- 
taining suitable  reagents  and  dried  by  tubes  of  sulphuric  acid 
and  elilorido  of  calcium,  is  then  passed  into  the  empty  globe 
until  the  interior  and  exterior  pressures  are  equal.  All  exterior 
moisture  is  carefully  removed,  and  it  is  then  weighed.  The 
increase  represents  the  weight  of  air  it  contains  at  0°  C  and 
the  then  prevailing  barometric  pressure. 

Again  the  globe  is  placed  in  the  ice  and  exhausted.  The  gas 
to  be  examined  is  introduced  after  proper  purification  and 
drying.  To  insure  removal  of  the  last  traces  of  air,  the  globfl 
is  connected  with  the  air-pump  and  the  gas  removed  by  exhaaa- 
tion.  In  this  manner  the  last  traces  of  air  are,  as  it  wore, 
washed  out,  and  it  is  weighed.  It  is  then  refilled  with  the  dried 
gas,  removed  from  the  ice  bath,  the  exterior  carefully  dried,  and 
weighed.  The  increase  in  weight  represents  the  weight  of  the 
gas  at  0*'  C.  and  the  prevailing  pressure.  From  these  data  the 
specific  gravity  of  the  gas  may  be  computed  in  the  same  way  as 
for  solids  and  liquids.  All  results  are  reduced  to  the  pressure 
of  760  millimetres,  and  temperature  of  0°  C, 

159.  Selatioas  of  Density  to  Combining  Equivalent  in  Quei. — The 

determination  of  the  correct  densities  of  gases  and  vapors  is  of 
the  utmost  importance  on  account  of  the  close  relationship 
existing  between  the  specific  gravities  and  the  atomic  or  the 
molecular  weiglits  of  these  bodies. 

When  a  table  of  densities  is  constructed  with  hydrogen  as  its 
basis,  this  relationship  is  at  once  evident,  as  will  be  seen  below, 
the  figures  either  being  identical  or  multiples  of  each  other. 
The  fact  of  this  relationsliip  of  specific  gravities  and  atomic 
weights,  or  combining  equivalents  to  each  other,  has  enabled 
chemists  to  make  more  accurate  estimations  of  the  combining 
equivalents  of  many  elementary  substances. 
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160.  Compressibilit;. — Take  iiti  ordinary  syringe,  consisting  of 
[the  vvlimlfi-  i>r  Imrrcl  A.  in  wliirli  iho  |iisti)n  C  niovea  without 
fleakii^e.     Cl<«e  the  outU-t  1j  uitli  ji  phij^  of  wax  or       „      ._ 
jB^corkj  or  even  wilh  the  lin^^er.      Between  llie  piston  ^ 

111  tbo  outlet  B  II  cutiiinn  of  air  will  tlieu  lie 
cluM>tl.  On  H|ii>lyin^  prc-gBure  to  the  iiiatori  liy 
its  rtxl  at  D,  tliia  uoluniii  of  enclost'd  nir  will  he 
with  eHSv  reduced  in  volume,  as  is  tlio  ca*©  with 
liquids;  ihurefore,  jrasen  luo  eoniprepsihlo.  Thny, 
however,  dittVr  in  tliis:  thiir  whcrciiB  wjitor,  iho  ty|ie 
offluiUs,  c<hrink:^  one-twtinly  Ihoiitiundth  uf  iti»  volume 
fot  an  atuiospheru  uf  presHure,  air  diminiahtia  to 
one-half. 

181.  Expansibility. — The  woniiorfnl  compresBibility 
of  gases,  of  uhiuli  cvideiu-c  has  Itceii  given  in  the 
but  iirtic-lu,  would  naturally  lead  tiB  to  expect  a 
parallel  extont  of  ex[>an6iou  on  diminutioti  of  pres- 
sarc.     That  this  is  tlieenAe  is  Bliown  by  the  experi- 

.meiit  (l!*), 

'     The  exiwnsibility  of  fpwes  is  one  of  their  leading         °"^ 
peculiarities.     Ii  may  be  sMiid  Ut  be  ainioat  infinite,  for  a  gaa 
will  till  a  space  of  any  size  wj  ofler  it. 

162.  Elastic  Force  of  Gases  is  in  reality  another  term  applied  to 

cxpiin.tibilily.     W  a  ttitiull  rubber  ^iick,  A.  bu  partly  filled  with 

air,  iiH  mouth  tijjhtly  (.■liwt'd,  uml  placed  on  (he 

air-pump  plate  under  a  hell-jar,  B,  on  exhaui^ling  ^m.  48. 

the  uir  from  the  hell   the  rubber  hag   expands 

until  it  occupies  ihc  space  represented  by  the 

(jotted  line,  and  may  even  be  made  to  appear  to 

fill  the  entire  jar. 

The  rationale  of  tho  action    is  as  follows: 
According  to  the  kinetic  theory  of  gases  (Iiti), 
tlieir  niolccnlcH  arc  flying  about  in  all  directions; 
(hey    arc,    therefore,    lettering    and    pret^sing 
'nsi  the  interior  walls  of  the  hug.     So  lon<; 
tlje  prcMuro  of   tin-  air  is  not  removed,  it 
oranterbalanccs  the  pre^ure  in  the  interior  of     toataa tum iit n*. 
the  bag.     The  moment  the  exlt'rinr  pressure  on 
the  sack  is  removed,  the  interior  pressure  becomes  evident,  and 
expanHimi  is  the  result;    thia  continues  until  tho  interior  and 
exterior  prcitsurea  are  again  in  cpiilibrio. 

An  interet'tinc'  illustration  of  expansion  may  be  performed 
with  an  egg.  In  the  large  enil  ol  an  egg  tliere  is  a  bubble 
of  air.     A  small  o^tening  is  made  in  the  narrow  end  of  the  egg 

.d    it   ia  stood  in  u   wineglass   under   an   air    receiver.      On 
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exhaustine  the  receiver,  the  contents  of  the  egg  pass  out  into 
the  wineglaBs,  being  expelled  from  the  shell  by  the  elastic  force 
of  the  bubble  of  air  at  the  wide  end.  Restoring  the  pressure  of 
the  air  the  contents  of  the  egg  are  returned  to  its  aheil. 

This  elastic  force  of  gases,  which  is  perhaps  their  most  charac- 
teristic property,  has  caused  them  to  pass  under  the  name  of 
elastic  fluids,  in  contradistinction  to  ordinary  fluids  like  water. 
It  is  not  to  be  confounded  with  the  elasticity  which  gases 
possess  in  common  with  liquids  proper. 

183.  Elasticity  refers  to  the  power  of  returning  to  original 
volume  when  the  cause  of  disturbance  is  removed  and  the 
original  conditions  restored.  Both  gases  and  liquids  possess 
this  property  in  a  marked  degree.  Indeed,  it  may  be  said 
to  be  absolute,  and  the  direct  consequence  in  both  cases  of  the 
mobility  of  their  molecules. 

The  experimental  demonstration  of  the  elasticity  of  gases 
may  be  derived  from  the  arrangement  employed  in  article  160, 
for  on  removing  the  pressure  on  the  piston  it  at  once  returns  to 
its  original  position.  In  like  manner,  articles  161  and  162  both 
furnish  evidonce  of  this  fact,  though  in  a  difterent  way,  the 
return  to  original  volume  in  this  case  being  produced  by  restora- 
tion of  original  pressure. 

Owing  to  the  elasticity  of  gases  pressure  may  be  suddenly 
transmitted  through  them  to  considerable  distances.  An  illus- 
tration of  this  fact  may  be  shown  by  suddenly  increasing  the 
pressure  in  the  gas-pipes  of  a  building,  as  by  blowing  into  them 
the  lights  are  all  immediately  extinguished.  A  method  of 
telegraphy  founded  on  this  property  of  the  air,  is  now  employed 
in  the  transmission  of  signals  on  ships.  Its  great  advantage  is 
its  certainty,  since  it  ie  les-^i  liable  to  get  out  of  order  than  other 
methods  of  signalling.  The  tambourt*  of  Marey  are  also  based 
on  this  property  of  air. 
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PNEUMATIC  APPARATUS. 

0«n*r«LloB  «r  gttw — Collection  at  pueumniic  truii)ch — VuxiTing — Farnimy't 
UjIm  i«c«lv«r— QmMi  ■rntn^u  itiemnlw*  uourdiug  lo  denilt; — Culkitning 
pwct  b;  di*p)«c«iDvnt — Wuhing  nnd  drying  (f&soe— The  iutf>iriil«r— C'cMn- 
prftMlon  «ir-|tuni|>— Llffl  andcond^nt^dklr — Bxbnutitinn  sir-puri>)i — Life  and 
n»IIed  air — Mercury  pump— Buiuen 's  Alter  ptimp — Limit  i'(  vmcuiim — 
Vaoiut  by  cli9aiiCMl  ■gent*. 


164.  Generation  of  Qaiet. — The  deuioimtrutiou  of  inauy  of  the 

Ehysical  properties  of  goaes  rcfjuirL's  that  wo  ahould  have  at 
ttiiU  one  lighterand  oue  henvier  tliiui  air.  For  tlie  lirnt,  hydro- 
gen will  answer;  for  the  Bt-corul,  carhonic  aoid  gas.  As  a  rule, 
gu««  are  generated  cither  by  the;  action  of  heat  on  crertaiii  sub- 
Btanccti  plucud  in  g\ius»  retorts,  or  by  the  action  of  acida  on 
saitable  materials.  In  cither  ease,  thi*.  iiieihodB  of  ooltcetion, 
storage,  and  manipulation  arc  the  Aamtt. 

For  ordinary  purfmses  of  experinient  Ihe  simple  apjMirattiB 
aliown  iu  the  figure  may  he  uwed  for  the  generation  of  hydro- 
i^n  or  carbonic  acid.    It  cousi^te  of  a  boiile.  A,  with  a  tolerably 
wide  month,  B,  cloned  by  a  rubber  or  cork 
itopper,  which  fits  air-tight;  this  is  the  de-  Fio.  49. 

»vomiK)eition  bottle.  Through  the  stopper  u 
tube  pasBes  to  the  bottom  nf  the  hntile,  and 
terminates  above  in  a  funnel-like  expantiion, 

IC.  This  is  culleil  the  supply  tube,  by  it  (be 
acid  18  to  be  added  as  requn-fcd-  A  second 
tube,  ]>.  bent  in  the  manner  shown,  also 
jiiereea  the  Htopi>er,  through  which  it  just 
Mnee<.  Hy  it  the  gas  escapes  as  fast  a«  it  in 
^nerated.  Tl  i«,  therefui-e,  called  the  escape 
tuW*,  nnd  serves  to  convey  the  gas  to  the  ap- 

»]tNrutus  for  collection. 
For  the  generutiou  of  carbonic  acid  gas,  a 
few  fragments  of  Italian  marble  or  of  chalk        ij««nh-iii"..iwk. 
are   placed  in   the   bottle,  enough   water  is 
added  to  cover  thcni,  the  stopper  is  then  put  in  nosition,  when 
the  lower  end  of  the  supply  lulje  sliould  dip  uriuer  the  surface 
«f  the  wat«r.     Sulphuric  acid  is  then  added,  a  little  at  a  time, 
by  the  snpply  tube.     As  it  reaches  the  water  and  comes  in  eon- 


k^ 


lUi! 


u 


144 


GASEOUS    HATTER. 


tact  with  the  marble,  efierveBcence  Is  produced,  carbonic  acid 
gas  being  evolved.  It  passes  otf  hy  the  escape  tube.  Wlien 
the  etl'ervescence  decreases  in  vigor,  more  of  the  acid  is  to  be 
added  by  the  supply  tube.  At  the  beginning  of  the  operadoo, 
the  bottle  is  tilled  with  air,  it  therefore  follows  that  if  we  de- 
sire to  obtain  the  carbonic  acid  comparatively  pure,  enough  must 
be  allowed  to  pass  off  to  expel  all  the  air  from  the  bottle.  A 
quantity  twice  the  capacity  of  the  bottle  will  answer. 

If  hydrogen  is  to  be  made,  the  apparatus  is  emptied,  cleansed, 
and  strips  of  zinc  are  substituted  for  the  marble.  The  re- 
mainder of  the  operation  is  conducted  in  the  same  way  as  for 
carbonic  acid  gas.  As  hydrogen  is  lighter  than  air,  it  is  neces- 
sary to  use  a  larger  quantity  in  the  removal  of  the  air  from  the 
bottle.  About  three  or  four  times  its  volume  are  generally  re- 
quired. Great  care  must  also  be  taken  not  to  allow  a  flame  to 
come  in  contact  with  the  mixture  of  air  and  hydrogen,  as  it 
escapes  from  the  tube  D,  or  an  explosion  attended  by  serious 
consequences  may  occur. 

16fi.  The  Pneumatic  Trough. — The  collection  of  gases  may  be 
conducted  in  three  ways.  Ist.  By  reception  in  an  exhausted 
vessel,  as  described  in  the  method  for  taking  specific  gravity. 
2d.  By  collection  over  a  liquid.  3d.  By  displacement  of  air. 
For  the  second  metliod  the  apparatus  known  as  the  pneumatic 
trough  is  required.      It  consists  of  a  water-tight   box,  A  A, 

represented  in  section  in  Fig.  50. 
The  side  and  half  way  across  is  oc- 
cupied by  the  shelf  B,  on  which  the 
bell-jar  C  stands.  The  remainder  of 
the  trough,  \V,  is  called  the  well. 
Sufficient  water  is  poured  into  the 
trough  to  till  tlie  well  entirely,  and 
also  to  cover  the  shelf  to  a  depth  of 
a  couple  of  inches. 

When  a  gas  is  to  be  collected,  ajar 
is  tilled  with  water  in  the  well,  it  is 
then  turned  with  the  mouth  down, 
and  without  allowing  the  mouth  to 
rise  above  the  water,  it  is  placed  on  the  shelf,  as  is  shown  in  the 
figure.  TI1U8  arranged,  the  jar  remains  tilled  with  water,  and 
if  it  has  been  properly  tilled  is  free  from  air,  except  so  far  as 
any  may  be  dissolved  in  the  water.  The  cauae  of  the  suspen- 
sion of  the  water  in  the  jar  is,  as  we  shall  tind  hereafter,  the 
pressure  of  the  atmosphere  upon  the  surface  of  the  water  in  the 
tank. 

The  collection  of  the  gas  from  the  generation  vessel  is  now 
accomplished  by  merely  passing  its  escape  tube,  D,  under  the 
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louth  of  the  bell-jar,  na  it  rests  on  tlie  shelf  of  tlie  trough. 
Thu  eiif>  buhltlcs  rising  thn)ii»li   the   wator  nccninuhito  in  the 

'jar  wiihont  minpliiiff  wUh  the  air,  and  the  operation  ifl  con- 
titniLi]  until  llic  jar  is  Hllvd.  The  delivery  tube  i^  then  placed 
under  the  niniith  of  a  second  jar,  aiid  the  collection  continued 

,)IL  the  Bumo  uianncr. 

When  the  gas  to  he  collected  is  very  Boluble  in  water,  as  lor 
ristniK-e  anintoniii  jjaa,  mercury  niay  be  substituted  for  water, 
[n  ihia  cose,  the  upjturutua  must  be  much  sniaMcr  and  much 
KniiiEcr,  (tn  account  of  i he  prcat  expense  and  weight  of  that 
liquiiJ.  The  tube  apparalua  ia  very  convenient  for  this  purpose 
[167). 

W6.  Pouring  Gase»  at  the  Trough. — The  pneumatic  trough 
'ttlm>  enal)le<<  us  to  murilpuliito  gut<eis  in  almost  any  nmnner  tliut 
I  we  may  desire.  Suppose  that  it  is  required  to  transfer  a  racaa- 
^kred  portion  of  gas  to  another  jar,  the 
Hb[u:ra(ion  is  conducted  as  shown  in  the 
^Bieure  at  A.  A  sumll  graduated  bell  is 
1  filled  with  water,  and  held  in  the  pnsi- 
linti  fthown  at  A,  with  ita  mouth  under 


Fio.  fil. 


the  water  in  the  trough.    The  large  belt 
nnlaining   (he    supply   of   giut    is    thou 


ruurl[>fi  caa. 


^■inmersed    completL-ly    and    its    mouth 
^inclined   under  that   of  the    small    bell 

k until  the  gas  passes  in  bubbles  from 
fJie  larger  to  the  smaller  Jar.  This  u]>- 
biiIl-  ihivvri  pourinff  through  water  is  con- 
tinufd  unid   the  line  of  the  gas  in  the 

iimdl  bell  coincides  with  the  desired  line  of  the  scale  marked 
hereon. 

If  the  gas  is  to  he  measured  in  a  narrow  bell,  a  funnel  may 

>u  usei)  to  facilitate  tlie  tilling  of  tfie   tube,  as  it  would  Ire  to 

nisi  iu  tilling  it  with  Hiiid.     The  only  diffi-renee  is  that  in  this 

iiae  the  operation  is  reversed  or  upside  down,  as  is  fihuwa  at  B 

in  lUc  figure. 

167.   Faraday's  Tabe  Reccivflr. — Gases  mav  bo  experimented 
ith  on  the  nnudl  scale  by  the  instruniftit  known  its  the  tube 
eiver  of  Faraday.     It  consists  of  a  tewt-lube  about  ten  inches 
II  length  and  three-fuurihs  of  an  iuch  iu  diameter.      This   ia 
vtit   in  the  niauner  shown  at  A  H  in  Kig  52.      The  whole 
ength  of  the  lube  is   Hlled  with  water.     It  is  then  suspended 
V'itii  the  I'loscd  end  upwards.     The  air  pressing  on  the  sur- 
face of  the  water  in  the  oi'en  end  A  of  the  short  arm,  retains 
the  tluid  ill  pt^Mtition  in  the  long  arm  H.     Passing  the  delivery 
lubc  i>  of  a  gas  generator  into  the  short  arm  to  tlic  bend,  oa  fust 

to 
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m^  the  gAs  is  evolved  the  hobbles  pnsa  into  the  long  arm  And  are 
collected  at  M,  the  displaced  \vutcr  dropping  into  C. 

The  short  arm  of  this  armiio^onu-nt  ntiiy  lio  u»hI  us  an  experi* 

mental  vessel,  while  the  long  arm  stM-von  tts  a  rcftervoir.    The 

niatiipiihitiun  in  tliiri  uuhi-  cnnsist)^  in  filling  A 

Kio.  fts  coniplefely  full  of  wuter.     The  month  of  A  i* 

Lthcn  closed  ivilh  the  thumb,  and  the  apparatui 
BO  inclined  as  to  till  the  short  arm  with  tliG  gas 
collected   in    the   long  ann.      Uncovering  the 
mouth  of   A,  hy  removing:  the  titunib,  u  piece 
of  wood  bearing  n  sipnrk.  or  paper  imbued  witli 
any  liquid  test,   may  In*  applied    to  the   gas  it 
contuiiiH.     For  a  second  exuminution  the  short 
arm  is  again  tilled  with  water:  the  gas  it  contains 
ig  thus  displaced.    It  is  then  closed  oy  the  thumb, 
0     and  the  apparatus  inclined  to  till  A  with  n  second 
charge  of  gas,  to  which  some  other  test,  as  paper 
moistened    with    u   lead  salt,  niav    be   applied. 
Thns  test  at^er  test  may  be  applied,  until   the 
gaseous  contotits  of  the  instrument  are  eonsunied. 
Many  exunii»lefl  of  this  form  of  ap[>aratU3  are 
offered  in  utensils  or  articles  in  common  daily 
use,   though    in    these    cases    it    is    generally 
water  rather  than  gas  that  is  stored.    Among 
Fiielt  examples  we  may   mcutioii  toe  water   tube   of   Masou's 
hygrometer;  the  bottles  for  holding  ink, gum,  and  i'ar  the  water 

supply  of  bird-cages.     The  supply 
'lo-  M.  tank  of  many  lamps  is  also  constmctcd 

^  on  this  plan. 

16S.  Oases  Arrange  Themselves  Ac- 
cording to  Density. — As  is   the   case 
^  ^L^^M^y^     ^vi^''  liquids,  gases  show  a  tendoiiey* 

P  if  to  arrange  themselves  according  to 

^    *  their   specific    gravity,    the    lighter 

floating  on  the  neavier.  That  this  is 
the  oase  is  dcmnnstrnted  by  the  ex- 
periment delineated  in  Fig.  63,  in 
which  A  is  u  large  jar  filleawith  air, 
and  B  a  srnalt  one  containing  car- 
bonic acid.  Inclining  the  nioiilh  of 
U  over  that  of  A,  and  nianipuhiting 
U]e  jar  exactly  as  though  water  were 
Iteing  poured  from  the  smaller  to  the  larger,  rlie  earhnuic  acid 
ga«  will  flow  from  B  into  A.  That  this  lias  really  happened  is 
readily  proved   by  examining  the   contents  of  the  jan>  with 
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a  iraiiJIe-flumc  C,  when  it  will  Itc  found  that  iL  itt  uxtitixuirtbed 
in  A  when  it  roaches  &  certain  depth,  and  coiitiiiiieti  to  burn  in 
B.  Since  carbonic  acid  pa«  does  not  support  combustion,  it  ia 
4iDwn  that  it  hnn  flowed  i'voin  BiiiloAnii  uccountof  its  weight, 


■d  htw  ex[^»elli-d  the  lighter  air  from  the  jar. 
KiiT.   54  renreseni 


.  .^.   ^.   .^-presents  unnther   form  of  tiie   8aiue   cxi>onni«ut. 
A  B  is  ft  trough  aix  feet  in  length,  with  sides  i*ix  inciios  high. 


Fio.  M. 


U*t4|t)il  of  tMi»iiie  •rill  n* 

A  row  of  cundlcR  i«  placed  uh)nj(  the  bottom  about  u  foot  apart. 
Tho  trough  is  inclined  with  one  end,  A,  rusting  on  the  floor 
und  tho  other,  H,  supported  on  a  stoo].  The  caudles  boing 
lighted,  a  large  Jar  of  carbonic  acid,  C,  is  poured  into  tho  trough 
»t  iti*  upper  end.  The  gas  iit  once  passes  down  the  trough  aa 
water  would  du,  putting  out  the  flames  iu  its  coucde,  and  spread- 
ing on  the  floor  extinguishes  other  flames  ihai  may  he  witliin  ita 
ixsach. 

This  tendency  of  carbonic  acid  to  collect  in  low  placett  ia  at 
times  the  cause  of  I088  of  life.  In  inine^t,  caves,  und  wells,  it 
not  tiufi-e'iuently  happens  with  dlsascroiis  rosiiltji.  In  breweries 
alao,  where  it  is  generated  in  large  ijuantities  during  the  process 
of  fermentation,  it  otten  accumulates  to  such  an  extent  in  the 
vats  llmt  workmen  have  lost  their  lives  by  breathing  its  jmisoti- 
oua  fumes. 

If  an  attempt  ia  made  to  repeat  the  experimeut  ahowa  in 
Pig.  &3  with  hydrogen  gaa,  it  will  he  finiud  that  the  vt>asel  A 
iloes  not  contain  a  trace  of  that  giLs.  To  determine  what  has 
buconie  of  it,  let  the  experiment  be  repeated  with  the  vessels 
arrangml  as  shown  in  KIg.  55,  in  which  A  in  suspended  mouth 
downwards,  and  B  is  brought  alongside,  in  the  po>dttion  shown 
by  the  dotted  linos,  and  then  gradually  tilted  to  the  horizontal. 
On  examining  A  with  a  candle-dame  (',  an  explosion  will  roKult, 
nhowing  that  the  hydrogen  has  by  iIk  inferior  Hpecitic  gravity 
6tiated  upwards  into  the  jurA,  and  displiioerl  the  air  with  which 
it  wait  filled. 

In  tlieso  experiments  the  hydrogen  and  carbonic  acid  gas 
retain  their  positions  for  only  a  short  time.     By  degrees  either 
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of  these  ^ases  intermingles  with  the  air,  by  virtue  of  theproecis 
called  ditlnsion.  This  we  shuU  study  hereafter  in  coimection 
with  other  forces. 


Fiu.  Go. 


Pio.  66. 


B 


V 


llj'ilnigijn  i>4uml  upwartlH. 


CoIlccHnu  liy  dl»pIkccmiDl. 


169.  Collection  of  Qases  by  Displacement. — The  experiments  we 
have  dcscriheil  explain  the  third  method  by  which  gases  may  be 
collected.  This  is  known  as  the  method  by  displacement.  If 
the  gas  is  ligliter  than  air,  the  jar  in  which  it  is  to  be  collected 
is  suspended  in  the  viianner  .shown  at  A,  Fig.  56;  the  delivery 
tube  D  is  then  passed  to  the  upper  part  of  the  jar.  The  gas  as 
it  accumulates  in  the  jar  displaces  the  air,  until  iinally  it  is  com- 
pletely expelled. 

It  tlie  g:is  is  heavier  than  air,  the  jar  is  then  arranged  as  is 
shown  at  B,  Fig.  ;J6,  with  its  mouth  upwards,  and  the  delivery 
tube  D  passes  to  tlic  bottom.  Tlie  mouth  of  the  jar  may  be 
closed  by  a  sheet  of  glass  or  paper,  0. 

The  method  liy  di>i|iliicenioiit  is  especially  applicable  to  the 
collection  of  gases  like  ammonia  or  liydrochloric  acid,  which 
are  very  soluble  in  water.  They  cannot  be  obtained  quite  free 
from  contamination  wFtli  air,  on  account  of  the  tendency  to 
diffusion  of  which  we  have  spoken;  but  they  may  be  thus  col- 
lected for  purpo.ses  of  examining  or  demonstrating  their  leadiag 
properties. 

170.  Washing  and  Drying  GaBes. — Tlie  separation  of  gases  from 
finely  dividc<l  solid  nmttcr,  or  from  fluid  or  niirial  substances 
with  which  they  may  be  contaminated,  is  accomplished  by 
means  of  the  wasliing  bottle  and  drying  tubes. 

The  washing  bottle  consists  of  a  wide-mouthed  bottle,  A. 
The  mouth  is  closed  by  a  cork,  through  this  a  tube,  TJ,  passes  to 
the  bottom  of  the  bottle.  It  may  be  the  continuation  of  the 
delivery  tube  of  a  gas  generator,  or  it  may  be  cotuiected  there- 
with by  a  piece  of  rubber  tube.  In  the  bottle  A,  water  is 
placed,  through  this  the  gas  is  obliged  to  pass  in  bubbles,  these 


IPC  submitted  to  tli«  action  of  llio  water,  and  any  <iii«t-lifce 
[jpurticli'tt,  vit{H)|'oiis  tiiist  oi'  ncitj,  or  other  ini]>ui*ity  i^i  u'ni^lied 

Kit.  By  tlie  ui»e  of  a  suitiiMe  liquid  in  tlie  wiisbiiij;  botlle,  any 
■gas  eolulilc  in  Bucli  liquid  tiiay  ba  separated  t'rnni  one  which  is 

iuM)Uil)le,  and  a  purificHJ  gas  obtained. 


In  pluce  of  a  bcttle,  a  tube  of  tlio  simpe  dt'liueated  at  C  may 
fbc  iiae<L     It  is  called  a  V  tnbc.     The  bend  of  the  tube  is  to  be 


Pia.  SI. 


WMhIticbuUb.. 


I. 
occupied  by  the  liquid,  when  it  is  uRcd  for 
the  |iur|)ose  in  ipiestiun.     In  Fig.  57,  the 
U  tub«  nnd  bottle  are  combined.    Various 
niodificulione  of  this  tube  me  employed. 
Atriong  tii&se  we  may  mention  Liebig's 
carbonic  acid  bulbs  and  the  amnionin  tulie. 
For  the  purpose   of  drying  gases,  the 
bU  tube  is  tilled  with   ])iiniicc  which  has 
B'btien  heated  red  hut  to  expel  all  moisture^ 
Kami  then  Boaked  in  sulphuric  acid  ;  it  is 
shown  at   C.     Sometimes  it  is  tilled  with 
M)li«l  ])orou9  chloride  of  calcium.    Kither  of  these  Hubstancca  has 
nn  intense  atHiitty  liir  water,  and  will  ubBtinct  it  from  gases  as 
Ihej"  pass  over  or  through  them. 

The  i)roper  conduction  of  these  washing  and  drying  opera- 

[lions  requires  that  the  gas  should  puss  slowly,  ottierwiKe  the 

notion  is  onlv  [•artial.     To  secure  complete  action,  a  number  of 

liiTtries  or  tulwrt  Hhould  be  employed,  and  the  incomplete  action 

k»I  the  tir^t  supplenicnlcti  by  thai  of  others. 

171.  The  Aspirator  is  an  apparatns  used  for  drawing  air  or 
other  gases  through  systems  of  tubes  or  bottles,  in  which  they 
niKv  be  snltniitied  to  ilic  action  of  various  reagents.  It  consistB 
of  a  largo  bottle.  A,  with  a  capacity  of  a  gulhm  or  more.  It  is 
to  be  lilled  with  water.  On  opening  the  stopcock  at  B,  the  water 
flows  out  into  C.  Aa  the  water  passes  out, 
'  air  enters  at  the  mouth  uf  the  bottle.    The  Fid.  58. 

month  U  closed  by  the  cork  A,  through 
which  a  lube  pas);c«.  If  this  i^  brought  in 
L-ommnnieution  with  a  II  tube,  us  rcjire- 
'wnti'^d  at  I>,  the  air  in  its  course  will  be 
drawn  through  I),  and  subndtted  to  the  ac- 
tion of  any  agents  thai  may  beitlaccdIlicrciD. 

The  asjiirator  is  used  in  the  cvamiiuitiou 
of  air.  It  is  also  of  service  in  ultimate 
organic  analy«i»,  for  the  purpose  of  with- 
drawing the  laj*t  trace  of  giw  Irntn  tlio 
combustion  tube  and  other  parts  of  the  ujv 
poratoa. 

For  its  flctioti  this  instrument  depends  upon  the  pressure  of 
the  air,  wliieh  forces  its  way  into  the  bottle  as  the  water  runs 
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out.  If  the  tmiii  iit'  tubes  tlirDU}!li  ^^hicli  ibe  air  niufl  ]<ii««  t" 
reach  tlie  Hi^pirator  )>oitUi  coniniii  mueh  liquid,  it  niav  tic  iieovit- 
»ar,v  to  attadi  a  vertical  tube  one  or  two  feet  in  length  to  tht 
stdpcuek  It.  A  l<>ri|;  ei^luuiu  ul'  water  bvitig  lhu«  vulIeU  luto 
action,  the  prcseure  will  be  inereafieil  atul  the  refliBtaiice  over- 
L-onie.     See  (123). 

VJi.  The  Compression  Air-pTinip. — It  is  necessary  for  the  ex- 
uniiriatiuu  of  the  propertitEi  of  air  ai)d  oilier  jj;a(<ee  that  wc  should 
describe  the  fomin  of  ]iunira  employed  for  purpose's  of  coni- 
prci<Bion  and  exhaustiou.  The  comprefsion  pnnip  resenjbks  Jin 
ordinary  force  ivunip  iu  its  structuro  and  action  (148).    In  Fip. 

60,  A  is  the  solid  piston  moving  in 
the  cvlinder  A  B.  Bel<^w'  A,  u  lateral 
lube  with  a  conical  valve  opening 
towards  the  cylinder  gives  ingress  In 
air  or  other  gas  which  is  to  bo  made 
thcaubject  of  experiment.  At  C  thero 
lis  another  lube,  also  closed  by  a  valvt 
which  opens  outwards  from  the  cyiin- 
iler,  and  gives  egress  to  the  gas  when 
the  pitttun  iu  forced  downwards.  Each 
upward  movement  of  the  piston  drau'B 
gas  in  through  V,  while  the  down- 
ward movement  forces  it  out  througli 
\'':  the  valves  in  each  caae  preventing 
its  return. 
The  hell-jar  is  represented  at  D.  Tt 
ia  a  cylinder  of  thick  glasR  capable  of  renisting  three  or  four 
fltmofiphertw  of  prcBHurc.  The  uiipcr  and  lower  edges  of  (lie 
cvlinder  are  ground  and  fitted  air-tight  to  plates*  of  brase.  E  and 
^.  Metallic  rods,  at*  shown  at  E  and  F,  pass  from  one  plate  to 
ihe  other.  liy  the  aid  of  tlie  screw  threads  ami  nuts  in  which 
these  terminate,  the  metallic  plates  are  held  6rmly  in  position. 

There  are  many  fipplications  of  compression  whicli  are  of 
iiitcrcat.  Among  tlieKc  is  the  air-gnii.  In  thif*  apparatus  air  ts 
compre»»od  in  a  reservoir,  from  which  it  i«  allowed  to  escape 
suddenly  into  iigun-harrel  cliai-ged  with  a  bullet.  The  propel* 
ling  force  of  some  nf  these  infltrnnK'Hts  alniost  rivals  that  of 
ftunpowder.  They  make  lees  report  than  Urearms,  and  as  there 
IS  no  smoke  ur  Dash,  their  use  is  not  as  easily  detected  as  that  of 
an  ordinary  gun  or  pistol. 

Another  application  of  the  elastic  force  of  compressed  air  is 
in  the  constmietiou  of  the  conden»ing  chambers  of  force  pumps, 
fire-engines,  mid  hydraulic  ruuia.  Tlio  condensing  chamber 
operaces  Uy  convert  the  intermittent  action  of  the  pump  into  a 
continuous  one.    It  coneists  of  a  stout  mctalHe  cnamner,  A. 


CVnii|if«aloji  >li>pump. 


Km 


Throiifith  Ihe  top  of  tJiis  n  metallic  tube  i>a88es  iiourly  to  the 

iHrttniii.     Uy  inutins  of  u  tiil>c,  H,  whieli  openH  iiitu  the  bottom, 

walcr  U  mlniiited  at  each  stroke  of  the  pnmp.     The  return 

of  the  water  from  the  chamber  ii*  prevented 

by  a  valve  which  ia  jilaeeil  iit  the  opening 

of  this  tube.     IJetweeii  tlio  Inwer  end  of  the 

tube  C  ami  ihe  top  of  the  cltamber  A,  iit- 

mospherie  air  ts  entrapped.     At  each  stroke 

of  the   pump   this   air   shrinks   in    volume, 

rfceiving  the  blow  delivered  by  the  pi«ton. 

While  the  piston  iiiniakinfi:  its  return  stroke. 

Ilie  eoniprefiM-d  air  exerts  its  elastic  force  and 

keeps  a  continnoti.i  strenin  flowing  from  the 

npp<rr  or  open  termination  of  the  tube  C. 


r<fiLil«Lulil|^  <liAilibar. 
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173-  Life  and  Condensed  Air. — In  the  air- 
bell  of  the  comincsfeion  pump  we  may  study 
the  effeci-s  of  condensed  air  or  other  gas 
upon  the  respii-atury  function  of  small 
animalfi.  The  extensive  nae  of  the  dit'ing-hf-il 
and  caLison  in  certain  enginocrinjt  operations,  aa  the  construction 
of  the  piers  of  brideet*  at  great  (leptbn  under  water,  tlie  recovery 
of  treaaure  or  a  valuable  cargo  from  sunken  ships,  render  the 

ud/  oi  this  subject  A  matter  of  importance.  In  certain  diseases 
ftlso  the  respiration  of  condensed  air  has  proved  to  be  a  valuable 
remedial  agent. 

Water-tight  diving  dresses  are  uow  substituted  for  the  diving- 
bell.  They  possess  the  advantage  of  giving  the  diver  greater 
mobility,  and  his  movements  may  be  extended  over  conaitlontble 
areas.  Great  care  niuwt  be  taken,  both  in  the  case  of  the  diving- 
Hell  and  tlte  diver's  dress,  that  no  accident  occnrs  to  the  tube  by 
trhieh  air  is  supplied.  A  delay  of  two  minutes  in  raising  a  inaa 
to  the  surface  of  the  water,  where  accidents  have  occurred,  has 
been  attended  by  a  fatal  i*esult. 

Suceessful  attempts  have  been  recently  made  to  avoid  the 
operation  of  pumping  air  to  the  diver.  On  making  a  descent 
he  carries  a  cylin<ler  of  compressed  oxygon  with  him;  from 
this  »  supply  of  fresh  gas  is  conveyed  to  the  interior  of  tbo 
dresn,  which  holds  sufllcient  atmospheric  air  to  dilute  the 
oxygen.  Means  for  absorbing  the  carbonic  acid  are  also  SQp- 
pliLi).  In  this  way  u  dtver  has  been  enabled  to  ret^iaiii  for 
siuucli  longer  time  under  water,and  move  over  very  considerable 
dintnnees. 

It  is  said  that  the  greatest  depth  to  which  one  may  descend  in 
water  is  ItiO  feet.  Under  these  circumstances  the  diver  carries 
lUO  pounds  on  his  back  and  breast,  and  25  pounds  attached  to 
tbo  soles  of  bis  shoes.    Thongh  respiration  under  these  condi- 
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tions  is  difficult,  yet  mcu  have  remained  at  this  depth  for  30  or 
40  mioutes.  In  one  instance  an  experienced  diver  remained  at 
a  depth  of  30  fathoms  for  75  minutes,  but  he  died  within  uine 
hours  from  congestion  of  the  lungs. 

The  power  of  the  muscles  of  the  chest  to  compress  the  air  in 
the  lungs  is  quite  limited.  Very  few  persons  can  blow  air 
through  a  tube,  the  extremity  of  which  is  two  feet  perpendicu- 
larly under  water.  This,  as  we  shall  see  hereafter,  is  only  equal 
to  a  pressure  of  one  pound  to  the  square  inch.  By  using  the 
muscles  of  the  mouth  alone,  a  greater  degree  of  compression 
may  be  exerted. 

174.  The  Ezhaastion  Air-piunp  depends  upon  the  clastic  force  of 
the  air  for  its  action. 

Its  parts  are  similar  to  those  of  the  ordinary  lift  or  suction- 
pump  already  described  when  treating  of  hydraulics. 

Let  P  represent  a  ground-glass  plate  some  ten  inches  in 
diameter,  on  this  a  bell-jar,  J,  is  placed.    The  mouth  of  the  jar 

Fio.  ci. 
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is  also  ground  line,  so  tliat  with  the  plate  it  makes  an  air-tight 
joint.  From  the  centre  of  the  (ilate  a  brass  tube  jiasses  to  the 
bottom  of  the  cylinder  C,  Tlie  cyUTider  must  be  accurately 
formed.  The  piston,  of  whicli  K  is  the  rod,  should  fit  the 
cylinder  perfectly  air-tight.  At  the  bottom  of  the  cylinder  at 
C,  there  is  a  valve,  and  also  one  in  the  piston  B;  both  of  these 
open  upwards. 

By  means  of  the  handle  R  the  piston  is  thrown  into  action. 
At  each  stroke  air  is  removed  from  the  jar  by  its  own  elastic 
force,  which  is  brought  into  play  tlie  moment  the  pressure  is 
reduced  at  any  point  in  tlie  jar. 

After  a  few  strokes  the  force  required  to  move  the  piston  is 
very  considerable.  To  relieve  this,  a  valve,  V,  optning  upwards 
is  placed  on  the  top  of  the  cylinder;  as  each  stroke  of  the 
piston  is  completed,  this  supporting  the  jiressure  of  the  air 
reduces  greatly  the  amount  of  force  required  to  work  the  pump. 


[n  rtntiWc  cy!tiiil**roir-]'ninii>s  llio  prcRsure  on  oiif  jiislon  Imlimoee 
tliDt  on  lli<?    oihcr,  arul  iln-sc  valves  are  ticit  nei-tlfd- 

Tiieri!  are  iiiuiiv  iiicwJiliculioiin  of  the  form  wc  bnve  ilcfcribed. 

kin  ftll,  tbe  graduiil   runioviil  of  llic  uir  from  the  jnr  bj*  repeated 
Mroke?  of  the  pUton  (inally  produces  a  more  or  less  i»erfoct 

Ifenipliness  in  the  jur.     To  this  tiic  term  taeuvm  ]s  applicil. 

175.  Life  and  Sareficd  Air. — When  a  lighted  candle  is  placed 
Kinder  the  liell-jiir  of  an  air-jtunip,  mid  exbaufllioii  ib  niiulc,  il 
|«m>ti  burns  with  a  flkkeriug  light,  and  alter  a  little  the  dame 
dies  out.     lu  like  muniier  Bniall  atjiinulR,  under  the  ^ime  cir- 
ciimntanccs,  eiifler  diptrcw  long  before  a  vacuum  i«  reai-hed. 

Datu  have  been  obtained  in  the  at^ce^t  of  hi^li  moiiiilains, 
whieh  s-liow  that  large  animals  aa  well  as  sinall  Bufler  whcxi  the 
air  i*  rarefied.     At  an  elevation  of  15,000  feet,  where  tlie  air 

than  about  half  the  dennity  it  poi^RCRseB  at  the  level  <d"  the  sea, 
rwpiration  in  men  Iwconiea  more  or  lesa  labored  and  difficult. 
At  1C,000  feet  of  elevation,  the  bardieel  mountaineens  eatmot 
viilk  ten  yai*ds  without  taking  ti  rest,  niuseular action  becoming 

talmoiit  inipossible.     Iji  the  vicinity  <if  Quito  it  is  found  to  be 
very  diffieult  to  make  pack  mules  and  horses  advanee  above  an 
altito<le  of  15,000  leet.     They  halt,  trcmMe,  and  fall  ilovvn.    If 
rest  is  not  allowed,  they  ewm  die.     Travtljers  and  even  experl- 
tnced  gnideH  frequently  fiiini  suddenly  in  the  attempt  to  aAecnd 
lolly  peaks.     A  niouniain  range  over  15,000  teet  in  luiglit  i«  an 
etieeluul  barrier  between  two  uutionc.      At  double  this  height  it 
B  is  doubtful  if  any  form  of  life  eKiBts,  ])artly  on  account  of  the 
H  tenuity  of  tbe  air  and  partly  on  account  of  tbe  intense  cold, 
H      The  exhauBlion   action  of  the  walls  of  the  chest,  like  their 
eomproMion  action,  is  limited  to  about  one  pound  to  the  square 
It      iuch.     By  thu  muscles  of  tbe  mouth  alone  some  [tersons  can 
H  exert  n  won<lerful  exhaustion  action,  raising  water  nearly  80  feet, 
V  while  others  cannot  raise  it  higher  than  5  or  6  feet  even  in  a 
tiarrow  glass  tube. 

Though  the  forced  respiratorv*  act  is  limited  to  a  pressure  of 
Olio  [Ktund  to  the  uquiire  inch,  it  is  quite  sufiicient  to  draw 
various  objects  into  the  lutigis.  In  perscuis  who  have  been 
drowned,  mud,  snnd,  weeds,  and  other  subMioiccs  which  have 
cnmc  into  the  vicinity  of  the  mouth  and  noAtrila  aiH*  tliua  intro- 
tlueed  into  tbe  lungs.  Occasionally  children  arc  sitfibt->ated  by 
having  6omc  object  in  the  mouth  at  the  time  of  taking  a  suddeu 
viob'ui  iiinpinition.  In  this  way  nutrbtcH,  thimbles,  and  pieces  of 
candy  have  found  tiieirway  into  the  hr^uichinl  tubes.  Cases  are 
ftlao  on  record,  in  which  comparatively  heavy  bodies  like  pins 
and  ueedlefl  have  thus  been  carried  into  the  air  passages. 

178.  The  Mercury  Pump  is  also  known  as  Rprengol'a  air-pnmp. 
Id  this  a  colunnt  of  nuicury  Is  used  to  ]>roduec  a  vacuum.    The 
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principle  adopted  consists  in  convertinff  the  space  to  be  ex- 
hftusted  into  a  Torricellian  vacuum  (198).  A  simple  form  of 
this  may  be  described  an  follows.  In  Fi^.  62,  C  D  is  a  glass 
tube  about  three  feet  in  length  and  open  at  both  ends.  It  is 
connected  above  by  rubber  tubing  with  a  funnel,  A,  containing 
7nercury,  and  properly  supported.  By  a  clamp  on  the  rubber 
tube  below  C,  the  rate  of  flow  of  mercury  into  the  vertical  tube 
may  be  regulated.  Just  below  the  rubber  tube  a  branch  com- 
municateB  witb  the  flask  R.  The  tube  C  D  passes  below  into 
another  flask  B.  In  the  side  of  this  there  is  a  spout.  The  end 
of  the  vertical  tube  passes  below  the  level  of  this  spout,  aad 
dips  beneath  the  surface  of  the  mercury  contained  in  the  flask. 


Ki.;.  H-2. 


Viu.  68. 
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On  opening  the  clamp  at  C,  the  mercury  runs  down,  and  ex- 
haustion begins,  the  air  passing  from  the  flask  K  forms  alternate 
columns  of  air  and  mercury  in  the  tube  0  1).  As  fast  aa  the 
mercury  flows  from  B  through  the  spout  into  11,  it  is  returned 
to  the  funnel  A.     As  the  exhaustion   becomes  more  and  more 
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compTcto.  t}ie  coUimiis  of  air  in  the  vfi-tical  lube  become  shorter 
and  iihoric;]-,  utiiil  at  last  thov  *licfij)jieur,  and  tlie  tube  seems  to 
be  filiud  with  a  continuous  cipluniii  nf  intTcury  throughout  its 
whole  extent.  As  thin  point  is  approaehcd  u  clickinjr  noiae  is 
cniitte<l  by  the  lube  similar  to  that  |^rodtice<l  in  the  water 
bttniiuer.  Mercurial  putnns  of  Uiis  dcs<:iiptioii  have  liocn  used 
for  iho  preparatiou  of  Geissler  tubex.    To  save  liute  the  first 


srtions  of  air  may  be  removed  from  the  apparatuB  to  tre 
lustcti  by  means  of  an  ordinary  air-pnmi>. 


ex- 


'177.  BimHn'a  Filter  Pump. — The  process  of  filtration  may  bo 
eutly  aided  by  submitting  the  cotilonls  of  the  filter  to  the 
easure  of  the  air.  Since  it  often  happens  liiat  («ubslaiic'e8 
living  fumes  which  would  i-orrodc  tlie  metallic  partw  of  a 
pump  are  to  be  submitted  to  this  operation,  the  nppariitns  repre- 
ited  in  Fig.  63  was  deviBcU  by  iJuusen  to  accomplish  this 


ban. 


^It  i*  e^at-nlially  a  Sprer)gel  pump,  iu  which  a  lon^'  column 
Pr  water  i.*  Mubstiluted  lor  the  mercury.  It  consists  of  a  glass 
tbIk'  of  the  shape  shown  at  B  A  C  Water  Piitcrs  at  It,  and 
falling  through  A,  passes  dowit  C,  wliieh  Is  the  lop  of  a  leaden 
or  iron  tube  Sii  or  40  feet  in  vertical  height.  As  the  water 
poascB  the  narrow  opening  of  the  smaller  tube  I>,  it  draws  in 
iLc  air  from  any  appanituH  with  which  that  lube  may  he  eon- 
:ted,  and  produces  a  vacuum  therein. 


^t 


178.  Limit  of  Vacuam. — Tlieorctieally  an  absolute  vacuum  can- 
st be  oblainod  by  the  ordinary  nir-piimp,  Bince  no  matter  how 
inny  strokes  the  piston  may  make  it  only  removes  a  part  of 
Iu  air  remaining  in  tim  jar.  Kven  an  infinite  nuinber  <>f  stroken 
rotilil  still  leave  some  air  in  the  jar.  I'racticnlly  the  production 
"  the  vacuum  is  iwon  brought  to  an  end  for  the  following 

>n. 
At  each  stroke  of  (ho  piston  and  removal  of  air  from  the  jar, 
ii  eUiatic  force  of  the  remaining  air  bcccmies  leas  and  less. 
ttmUy,  it  is  reduced  bo  low  that  it  is  not  sufficient  to  raise  the 
lives  of  the  apparaUn*.  All  further  exhaustion  then  ceases. 
T«  nverennie  iliis  difficulty  nir-pumps  have  been  con-^tr acted 
"•  which  the  valves  are  worked  by  hand  or  l>y  the  movements 
**f  tfce  piston,  without  calling  the  elastic  forue  of  the  air  into 
^™>*.  Examples  of  these  are  ottered  by  the  pumps  of  Hubinet, 
^rici,  and  Delenil.  By  the  latter  it  is  said  an  exhanstion  equal 
millimetre  of  mercury  may  be  attained. 

1*79.  Vaconm  by  Chenuoal  Agents. — To  obtain  a  still  more 

*»^ect  vacuum    various   chemieal    means  are   resorted   to  for 

~    removal  of  the  last  remaining  traces  of  gas,  even  in  the 
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Torricellian  vacuum  of  a  mercury  pump.  lu  the  method 
adopted  by  Dewar,  a  vacuum  estimated  at  ^^th  of  a  millimetre 
of  mercury  was  olUained.  This  method  consists  in  heating 
charcoal  to  redness  in  a  vessel  which  had  been  exhausted  by  a 
mercury  pump.  Finkencr  accomplished  a  similar  result  by 
filling  the  vessel  with  oxygen,  exhausting  this  with  the  mercury 
pump,  and  then  heatini;  to  redness  copper  which  had  been  pre- 
viously placed  in  the  vessel.  By  similar  chemical  means  Crookes 
has  obtained  a  vacuum  which  he  estimated  at  j^^oo^^  °f  ^ ""'"'' 
metre. 


ClIAPTEK   XIII. 

THE  ATMOSPHERE. 

Genenil  propertiea — Composition  of  air — Ueight  of  the  atmoepbere — Atmoepheit 
presses  downwards — Air  prc:^eos  in  alt  directions — Action  of  lift-puiop* 
explained — The  pipette — Tlie  cuppinp-glass — Introduction  of  air  into  th* 
lunj^s — Gn^^o.'  and  principle  of  Arcbiniede^ — Balltx)ns — Recent  balloon  ascenH 
— Hiilloiin  traffic— Resistance  of  air  to  movina;  body — Parachute — Rate  ot 
mineinunt  into  a  viicuuni — Cannon  reports  and  thunder. 

180.  General  Properties. — Tlieatmoapliere  is  the  gaseous  ocean 
covering  the  whole  surface  of  the  globe.  It  attends  the  eartb 
in  its  motion  of  rotation,  and  would  not  cliange  its  relations  to 
objects  attached  to  its  surface  were  it  not  for  local  disturbancea 
chiefly  the  results  of  changes  in  temperature.  To  overcome 
the.se  disturbances  and  reestalilisli  an  equilibrium,  currents  are 
produced  wlii(;h  we  call  winds. 

Upon  the  atmosphere  all  plants  and  animals  depend  for  their 
existence.  They  can  only  l)ear  a  deprivation  of  its  supply  for  a 
brief  period  of  time.  The  higher  animals,  as  mammals,  usually 
die  in  a  few  moments  when  deprived  of  air. 

In  experiments  nuide  on  dogs,  it  was  found  that  they  might 
be  deprived  of  air  for  three  minutes  and  tifty  seconds,  and  yet 
recover  when  air  was  admitted  lo  the  lungs.  If  the  access  of 
air  was  cut  off  for  four  minutes  ami  ten  seconds,  death  was  the 
result.  In  this  case  the  turning  point  between  life  and  death 
was  limited  to  twenty  seconds.  As  it  is  n<it  probable  that  a  man 
would  survive  under  these  circumwtancus  longer  than  a  dog,  the 
time  during  which  access  of  air  may  be  prevented  is  limited  to 
less  than  four  niinntes. 


cn«c8  or  f!eath  wliidi  hare  occiirred  in  diving-lielln,  the 
limit  pf  time  lias  lulKii  as  inw  jis  two  minules,  Iiivtrtcbrate 
(.TL'utures,  like  nioUuBks,  bavi;  been  i>ulmiittc'd  to  tlie  uelion  of 
th«  vacuum  of  an  ortliniiry  air-pump  (ur  iiiiiny  hours,  and  have 
Qot  nuly  survive<],but  have  apparently  comu  out  iVuni  the  ordeul 

riiliai'iiio). 
Of  the  almosplicrc  nnil  its  pliononicnn  generally,  \vc  have  the 
following  jrruitliie  oct'ount  by  l>r.  Buisl,  ol"  IJonibuy :  "  lis  upper 
lurtacc  euiitiut  be  nearer  to  us  than  titty,  ant)  can  ttiareely  be 
lore  ruraute  than  five  hundred  miles.    It  t^urrounds  us  on  alt 
yet  we  see  it  not;  it  preiiii^es  un  us  with  u  luad  of  fifteen 
indri  on  every  sqiuire  inch  of  surface  of  our  bodies,  or  from 
Beveiily  to  one  huuthcd  tnn»>  on  v\s  in  all, yet  we  do  not  so  nuicli 
OB  feel  its  weij^ht.     Solter  than  ihe  Boficht  down — more  impal- 
pable than  the  finest  vogsniner — it  luavt-e.  the  cobweb  undisturbed, 
and  scarcely  stirs  the  lightest  fiov^er  that  teedfl  on    Ihe   dew 
it  supplies;  yet  it  hears  the  fleets  nf  nations  on  its  wiu^s  around 
the    world,   iind   crushes  the    niotit    relracton,'   tjuht>tuiiees   with 
its  weight.     When  in  motion  its  titrce  is  Kutlieienl  to  level  the 
most  stately   forests  an<l   builiiings   wiih  the  earth,  to  raise 
^tho  waters  of  the  occun  into  ridges  like  mountains,  and  dash  (he 
■•Irongcst  i>liip8  to  pieces  like  toys.    It  warms  and  cools  by  turns 
the  earth  and  the  living  creatures  that  inhabit  it.     It  draws  up 
vapors  from  the  sea  and  land,  retaintt  them  digsolved  in  itself  or 

IMi^pviidetl  in  cisterns  of  elouds.ond  ihrowj*  thorn  down  again  as 
tain  or  dew  when  they  are  ruiiuired.  IL  bends  the  rays  id  the 
Ian  from  llicir  path  to  give  us  ihe  twilight  of  evening  and 
<>f  dawn  ;  tt  disperees  and  refracts  their  various  tints  to  heautity 
Ihe  approach  and  the  retreat  of  the  orb  of  day.  liut  tor  the 
umojiphere,  Bunsldne  would  hurst  (Hi  us  and  liiil  us  at  oneo,  and 
At  once  remove  utt  Ironi  midnight  darkness  to  the  blaze  of  ncmn. 
"We  shoulil  have  no  twilight  lo  soften  ami  beautify  the  latulscniK;, 
no  clouds  to  shade  us  from  the  scorching  heut,  but  the  bald 
earth  us  it  ruvotved  on  its  axis,  would  turn  its  tunned  and 
^weakened  front  to  the  full  and  unmitigated  rays  uf  ihe  Lord 
■  ol  LighU" 

H  181.  Com|K»ition  of  Air. — Air  is  a  mixture  of  gases.  The  chief 
of  these  are  oxygen  and  nitrogen.  Next  in  inijiortunee  are 
VBpor  of  water  and  carbonic  acid  gas.  Many  other  gases  are 
Itrcoent  in  minute  [>ro['ortions  or  traces.  Excluding  ibcso,  its 
cuiapui^ition  may  he  expressed  as  follows: 

Kiu^>g«■n .         .  7H  40 

Otjm-ii .  20.(13 

H.O  (v»por  r>r  WBtor) O.M 

C(\  {caf  Duiiic  Kcid  giu [t.(H 


|UU,(H) 


166  OASROU8    HATTBR. 

Aqueous  va])or  uriecs  hy  evb[Mirultuii  front  tU6  enrth's  sur&oe 
and  from  foUoftions  of  water,  hIso  Crcim  ilie  exhalations  of 
plants  uikI  animaU,  Carbonic  acid  gas  is  produced  iti  th«m- 
plratititi  111'  iuiiiiuiU  am)  m  all  prt>uessc»  of  combuHiion,  di'iuHD- 
position,  ptitrufaction,  nnd  fermontation.  It  has  been  estimuiwl 
t)iat  in  Paris  tiiu  diurnal  producliuii  of  t)>i«  gus  aiiiotiute  tMont 
hundred  niillions  of  cubic  tcci,  of  which  one-tenth  is  from  tbf 
respiration  of  human  buings  and  aniuiuU.  tbu  remainder  uriein^ 
cliiefly  from  processes  of  uoiubustion.  AceuniulaiioD  ol  w- 
bonic  acid  gas  in  the  air  is  prevented  by  plants,  which  decom- 
pose  it,  and  »^cttin^  itti  oxygen  free  unite  its  carbon  with  waltr 
to  form  gmn,  with  which  lliey  Imihl  up  their  tisune. 

From  the  table  jfiven  above,  we  find  that  a  certaiu  sniallpf*' 
portico  of  carbon  dioxide  i^  alwnvs  present  in  the  air.  Wneu 
air  is  expired  from  the  hings,  it  nas  !o«t  from  four  to  six  per 
vent,  of  oxygen,  and  has  gained  in  its  stead  from  three  to  fiw 
j»er  cent,  of  ciirlionic  acid  gas.  The  presence  of  six  to  ten  jwr 
cent,  of  thiA  gan  in  air  is  fatal  to  life.  In  an  atmosphere  cou- 
taining  thifi  proportion  of  carbonic  anhydride  a  candle  will  burn. 
It  i«,  tliereforc.  evident  that  the  candle  test  does  not  necessarilv 
sliijw  that  it  w  saie  to  descend  into  a  pit  or  well  where  it  will 
bum.  It  only  indicates  that  descent  is  absolutely  negativeii 
where  it  does  not  burn. 

Although  oxygen  is  necessary  for  the  maintenance  of  lile,  it 
must  be  used  in  the  tiiluted  condition  in   which  we  tind  it  in     i 
air.     When  breathed  in  the  unndxed  Mtate,  it  stimulate?  (h|^ 
nervous  avstcm  8tn>ngly  Jind  tinally  causes  death.     The  experi^' 
ment«  of  \lr.  liroughton  showed  tliat  rabbits  died  in  trom  six  to 
twelve  hours  when  kept  in  pure  oxygen.     Despite  lh«*  noxioi 
at^tion  of  pure  oxygifii,  animals  will  live  in  an  atmosphere 
that  gas  three  times  as  long  a*  they  Mill  live  in  an  equal  volui 
of  atmospheric  air. 

1S2.  Height  of  the  Atmosphere. — The  fact^  wlilch  have  bee 
|iresi;ntod  regarding  the  elaatic  force  of  air  in  uommon  with  all 
gasuH  would  lead  us  to  expect  that  its  molecules  would  fly  ofl" 
int-o  s[iace.     Tknit  thiis  is  nol  the  case  is  apparctit  from  the  fiiet 
that  it  does  remain  bonnd,  as  it  were,  to  the  surface  of  the  earth. 

Tiii->>  apparent  contradiction  receiveti  it!<  explattation  in  thfti 
fact  that  an  air  expands  it^  elastic  force  becomes  leas.  Mo 
over,  as  it  ascends  to  higher  regions  thf  cold  is  more  intense, 
this  also  dimiuishes  the  tendency  to  expansion,  until  Hnally  it  is 
reduced  to  so  low  u  point  t.iat  it  comes  under  the  control  of 
gravity,  and  an  ei{uilibriuui  being  established  ex|mn8ion  ceases, 
and  an  nxtorior  limit  or  bnnndary  between  the  atmosphere  and 
space  is  established. 

Obsen'alions  on   the  dctmity  of  air  and  of  phenomena  of 
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, refraction  connected  with  twilight^  sliow  lljat  the  depth  of  the 
ktmospheric  ocean  is  probably  from  forty  to  sixljj-  iiiileB.  The 
jreat  mass  of  the  air  by  weight  is,  of  couree,  contined  within  a 
inmH  frnctinn  nf  that  deptli.     In  opposition  to  this  estimate  the 

[objection  is  raised  that  nieleorilt's  nre  often  eteii-  to  emit  li^hi 

,hen  they  are  still  more  than  200  miles  above  the  earth's  stir- 

lee.     Since  the  luminosity,  in  this  ease,  is  the  sequent  of  the 

iction  of  the  air,  it  follows  that  wc  must  extend  the  outer  limit 

til  that  dtstanee.     KecenI  observations  on  the  twilight  arc  by 

IWr.  Liftis,  at  ]{io  Janeiro,  also  tend  to  place  the  onter  limit  of 

[tlie  atmofipliere  at  a  distance  of  about  UOO  miles. 

183.  The  Atmosphere  Presses  Downwards.— Turning  to  the  de- 
[«eriptton  of  the  air-pnmp  (174),  and  repeating  the  e;cperinient 
therein  detailed,  it  will  ho  found  thut  atiter  a  few  strokes  of  the 
pump  it  become*  almost  impossible  to  separatt  the  bell-jar  from 

»it»  plate.  This  iw  explainetl  upon  tlie  ftillowina:  priticiplet*.  Ii 
has  been  fihown  that  air  is  heavy,  100  cubic  inches  weighinc 
81  i^rains.  In  the  last  article,  we  have  also  seen  that  the  depth 
of  tlie  aerial  ocean  is  vuriouely  estiiimtcil  at  from  forty  to  two 
buiidrcd  mites.    Though  it  is  true  that  the  atmosphere  by  \t» 

Ipxpimsion  Kf'i'^bifllly  becomes  lighter  as  we  leave  the  supfacu 
of  the  earth,  yet  a  long  distance  must  be  traversed,  nearly  4 
tidies,  lH.'fore  the  weight  of  100  cubic  inches  has  even  diminished 
to  one-half  that  which  it  )iiu)  at  the  Kiirfaee. 
The  air  being  heavy  and  there  being  so  great  a  column  of  it 
resting  on  the  top  of  the  jar,  wc  can  easily  understand  that  this 
is  the  reason  why  the  jar  is  so  firrnly  presse<l  down  upon  the 
plate  of  the  pump.  If  any  doubt  exists  regarding  this  explana- 
tion, it  only  remains  to  allow  the  air  to  regain  access  to  the  in- 
H  terior  of  the  jar.  As  it  passes  in,  its  pressure  is  brought  to  bear 
'  on  the  interior  as  u'ell  as  the  exterior,  and  ut  latit  ei)uitibrium  is 
vslablishcd  between  the  interior  and  exterior  pressures,  and  the 
jar  may  l>e  removed  from  the  ])late  of  the  pump  with  the  same 
ease  OS  before  the  experiment  began. 

A  capital  illustration  of  the  downward  pressure  of  air  is 
offered  by  a  toy.  well  known  to  boys  ae  the  sucJicr.  Tl  consists 
of  a  circular  piece  of  thick  leather,  wliich  is  soaked  witli  water. 
Through  the  centre  a  strong  string  passes,  which  is  prevented 
IVoni  slipping  through  by  knots  made  on  the  lower  side.  The 
It'Bthcr  having  been  well  applied  lo  the  surface  of  sk  stone  or 
other  flat  object,  and  trftclion  applied  by  the  string,  the  stone  is 
nii»ed:  the  pressure  of  the  air  innding  the  stone  tightly  lo  the 
tuather. 


1B4.  Air  Presses  in  all  Directions. — The  study  of  hydi-oiitatics 
sLowB  that  water  prustt^ft  in  all  dirvclioiis.    Tlie  einiilartty  which 
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we  have  seen  to  exist  between  liquids  and  gases,  regarding  tlieir 
properties,  would  lead  us  to  expect  that  air  would  also  press  in 
all  directions,  and  equally  in  the  same  plane  as  is  the  case  with 
water.  The  experimental  demonstration  that  such  is  the  feet 
may  be  made  in  a  number  of  ways.  Of  these  the  most  classic 
is  by  the  Magdeburg  hemispheres  represented  in  Fig.  64.  The 
arrangement  consists  of  two  hollow  hemispheres  of  brass,  the 
edges  of  which  are  accurately  ground.  When  placed  toother 
a  hollow  sphere  is  formed,  access  to  the  interior  of  which  is 
oftered  by  the  stopcock.  The  hollow  sphere  being  attached  to 
the  air-pump  plate  and  exhausted,  the  stopcock  is  then  closed, 
and  the  apparatus  removed  from  the  pump.  No  matter  in  what 
direction  traction  is  now  applied  to  separate  the  two  hemi- 
spheres,  they  are  pressed  together  with  equal  firmness  in  all. 
It  is,  therefore,  evident  that  air  exerts  pressure  equally  in  ail 
directions. 


FiQ.  04. 


Fio.  85. 


U*S<lBbRrg  hemisphem. 


A.[r  preesM  in  all  illrectloiu. 


The  same  result  may  be  obtained  in  a  more  inexpensive 
manner,  by  the  device  illustrated  in  Fig.  65.  Let  A  be  a  small 
bell-jar,  or  a  wine-glass.  It  is  to  be  filled  with  water  over  the 
dish  0.  The  mouth  is  then  to  be  closed  by  a  sheet  of  card- 
board, care  being  taken  that  no  air  is  entrapped  between  the 
card  and  the  surface  of  the  fluid.  Thus  prepared,  the  jar 
may  be  turned  mouth  down.  The  water  nevertheless  remains 
suspended  in  the  jar  by  the  pressure  of  the  air  on  the  sheet  of 
card  closing  its  mouth.  The  glass  may  then  be  inclined  at  all 
angles,  B,  yet,  so  long  as  the  card  does  not  slip,  the  water  is  re- 
tained in  situ  by  the  pressure  of  the  air. 

Nature  offers  numerous  illustrations  of  the  application  of  the 
pressure  of  the  air.  The  movements  of  flies,  and  other  insects, 
along  the  smooth  ceiling  of  a  room,  are  accomplished  on  this 


mcipie.  The  tree  toad  also  dtpK-ndi^  upon  preeaure  of  tbe 
lir  till  ilie  HUi-kcre  nt'  his  toes  tor  his  ubility  to  move  as  easily 
>n  the  uihIlt  as  on  the  up]>er  side  of  h  hrunch.  It  is  thu 
ircftciice  ol  iiuuiurous  suckers  ou  llio  under  eurluce  of  tlic  urnis 
if  ouiile-6filiea,  that  gives  that  creuturo  il»  tearful  hoUl  upon 

'whftiuver  it  touches.     The  j(real  jidiita  of  our  horlit-s  are  aleo 

held  Ii>i;flhi;r  tiriiily  hy  pryseuri.' of  the  air.     The  ligaiiit'lits  of 

iianr  or  them  nuiy  be  emujtk'tely  eievert'd,  yet  it  in  ns  diffiL-uIi 

to  ecjniratv  the  honet*  fnmi  t>«i-h  other,  as  it  would  be  to  tear 

lundur  two  Magdeburg  hemispheres  of  equal  diameter. 

By  L-allii)g  thu  pi-essuro  o(  air  into  play,  tbe  infant  draws 

Ita  BUpply  of  n)ilk  froiii  its  nmiherV  brvant.  and,  Ibllowing  the 

[Aret-fpts  of  hii4  iiifnni>y,adiih  inan  iiidiih«'H  the  eotisolntion  to  be 

[fuuuil  ill  a  shvrry  cobbler  lhr>>ugh  lliu  iiitidium  of  a  straw  and 

]by  grace  of  the  pressure  of  the  air. 


I 


186.  Aetion  of  a  Lift-pomp  Explained. — The  apparatus  repre- 
setited  it)  Fig.  6t>  is  known  as  thu  cxpiTiiiR'nt  of  the  fountain  in 
vacuo.     It  coiiBista  of  a  (alt  jar.  A,  through 
thu  h>w«'r  [lart  of  which  a  tube  jmst^cB.     This  Pio.  ofl. 

is  fumi-shcd  with  a  sto^icoek  at  H,  and  tcr- 
niinaics  in  a  jet  in  the  interior  of  the  jar.  The 
exterior  termination  of  the  tube  bearft  a  screw 
tliread  by  uhich  it  it)  to  he  attached  to  the 
ttir-punip.  Kxhausiing  thu  jar  und  chising 
ibe  stikpcock,  the  appiinitu.-^  \a  dctitL-hed  from 
thu  pump,  and  introduced  verliciilly  into  a 
ba^iu.  (',  ci>niaiiiing  xvalcr.  Massing  the  ex- 
ternal extremity  of  the  tube  to  the  iKittom  of 
(.\atid  opening  the  cock  B,  a  tine  litreuni  of 
water  rises  from  the  jet  and  impingts  forcibly 
ngaiii'-t  Ihu  top  of  the  jar,  where  it  luriii*  jind 
flowing  down  the  sidetj  accuUiulaleK  at  the 
ba*o.  The  eau«e  of  the  torinatiou  of  thtg  touiitain  h  evidently 
tlie  prei*Kuro  of  air  upon  the  surlace  of  the  water  in  C  The 
niDtticnt  the  cock  is  opened  this  pressure  is  brought  into  aetion, 
and  (he  uhole  train  id*  phonoineua  initiated. 

As  ill  the  pretrciling  tra»»e,  the  pl■c»^u^e  of  air  forces  the  water 
tip  into  the  vacurtns  xpace  A,  tut  when  by  a  downward  stroke 
ut  the  handle  in  a  litt-puiiip  we  make  a  partial  vacuum  in  the 
cylinder,  the  water,  with  which  it  is  connected  by  the  pipe,  is 
fureed  up  into  the  pipe  by  ]>re«iiure  of  the  air  upon  the  surface 
of  the  fluid  in  a  well  or  cwtcrn. 

166.  Action  of  a  Pipette. — For  the  transference  of  unnary  eedi- 
Di-nis  to  a  Riieroscope  slide,  and  atstr  for  the  tmnsferunce  and 
tictMurviiient  of  small  quaniitie»t  of  liquid,  the  apparatus  known 
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as  a  pipette  is  very  useful  and  eonvenieut.  It  consists  of  a  glass 
tube,  A  B,  of  the  form  shown  in  Fig.  67.  The  upper  part,  A, 
is  open  the  full  diameter,  the  lower,  B,  is  drawn  down  to  a  fine 
point  or  jet,  and  dips  into  the  bottle  C.  The  fluid  may  then,  bv 
placing  A  in  the  mouth,  be  drawn  into  the 
pipette  to  a  measured  mark,  the  end  closed 
by  the  finger,  and  the  fluid  transferred  to 
another  vessel. 

Suppose  sediment  in  the  bottle  C  to  be 
removed  to  the  capsule  X>.     The  mouth,  A, 
of  the  pipette  is  closed  with  the  finger,  the 
extremity,  B,  is  then  passed  dowii  into  the 
sediment.     As  A  is  closed  by  the  finger,  the 
air  in  the  pipette  prevents  the  ingress  of  the 
fluid  while  the  pipette  is  passed  through  it. 
The  point  of  the  pipette  being  advanced  into 
the  sediment,  the  pressure  of  the  finger  on 
the  opening  A  is  slightly  relaxed,  a  little  air 
escapes,  and  the  pressure  of  the  atmosphere 
on  the  surface  of  the  liquid  forces  it  and  the 
sediment  into  the  pipette.    A  sufficient  quan- 
tity having  passed  into  the  pipette,  the  preaa- 
ure  of  the  finger  at  A  ia  restored,  and  the 
instrument  ia  removed  from  the^bottle.    Ab 
it  passes  into  tlie  air,   the  pressure  of  the 
atmosphere  on  the   narrow  column  of  fluid  in  the  jet  of  the 
pipette  retains  the  fluid  and  precipitate  in  position  until  it  is 
held  over  the  capsule  D.    The  pressure  of  the  finger  at  A  being 
then  released,  the  air  gains  access  to  the  tube  above,  and  a  por- 
tion of  liquid  and  precipitate  is  forced  oat. 

The  rate  of  flow  from  a  pipette  is  regulated  by  inclining  it 
more  or  less  at  an  angle  to  the  perpendicular.  If  it  is  held 
vertically,  the  flow  is  the  most  rapid.  If  held  horizontally,  it 
may  be  diminished  to  nothing.  Between  these  all  rates  desired 
may  be  obtained. 

187.  The  Cupping-glass. — The  eflbct  of  the  pressure  of  air  on 
the  tissues  of  the  body  may  be  shown  b}'  the  apparatus  known 
as  the  hand-glass.  It  consisla  of  a  glass  vessel  or  receiver,  of 
the  shape  represented  at  A,  Fig.  68,  open  above  and  below. 
The  lower  mouth  is  five  inches,  and  the  upper  two  inches  in 
diameter.  The  lower  mouth,  having  its  edges  finely  ground, 
makes  an  air-ti^ht  joint  when  placed  upon  the  plate  of  the  air- 
pump  B.  Closmg  the  upper,  or  smaller  opening,  with  the  palm 
of  the  hand  and  exhausting,  the  pressure  of  the  air  is  brought  to 
bear  upon  its  dorsal  surface.  As  the  exhaustion  is  continued, 
the  muscular  and  other  tissues  are  forced  down   between  the 
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metaearpn!  bones,  tlic  outlines  of  u  liii.'h  may  he  easily  traced  on 

the  buck  of  the  hand.      At  the  sjiine  time  t}ic-  puhniir  t^urface  is 

Hbtilged  downwards  into  the  receiver.    It  becomes  irttenaely  cod- 

^■ce>ted   with  blood,  and  it'  the  exhaustion 

^W  fliifficiontly  perfect,  and  (.>outiniK'd  for  a 

sufficient  time,  the  (tmallcr  hloodveeaeUarc 

rn|iii)reil  and  ecchymohifi  proihiced. 

The    cu]>|»ing-gliiss   aeta   on    the    same 

^jrincinlo  na  the  hand-glasis.     It  is  ustiaily 

HHimfM<d  Uko  a  low  hell-Jflr  C,  and   made 

^^itlier  of  metal  or  of  glass.  The  rini  around 

the  iipciiinj;  should  have  sufficient  thick- 

icss  to   prevent  it  cutting  the  skin  when 

applied. 

^Hititetimc.t      uiipti     arc     exhanctlcd     hy 

icans  of  6  small  nir  syringe.     When  this 

the  case  they  are  jierfuruted  above,  and 

llie  opening  closeil  by  a  utopcock  when  the 

IxliauMtion    if*  completed,      tienei-ally  the 

icuum    is    produced    by    the    condensa- 

jdon  of  vapor  of  water.     In  this  case  the 

ip6  are  without  any  perforation  above. 

"^Ordinary  tea  or  cofl'ee  cups  with  thick  lips 

answer  perfectly  well.    Tlie  niechod  of  iipjilication  is  as  follows. 

A  small  torch  i«  prejuirctl  by  wnipping  a  few  tolds  uf  old  linen 

around  u  penhandle.     This  is  dipped  into  alcohol,  uiid  lighted. 

A  copious  Hiimc  is  thereby  produced.     The  mouth  of  the  cup 

i»  then  held  close  to  the  surface  to  which  it  is  to  be  applied, 

thu  torub  is  parsed  into  the  cup.  atiU  almost  immediately  wilh- 

(lni\vu.     At  the  moment  of  wilhdrawal,  the  mouth  of  the  cup  is 

tQmc<l  down  on  the  surface  of  the  t.kin.     If  it  does  not  adhere 

sL  oneu,  the  t(»rch  is  a^ain  up])Iied. 

The  oiwration  of  the  ihinie  is  to  till  the  cup  with  steam  of 
high  tension.  The  nir  is  thus  expelled,  and  if  the  mouth  of  the 
cap  is  closed  by  the  skin  before  the  steam  begins  to  condense, 
nhcn  it  does  condense  a  va<.'uurn  h  produced  in  the  cup.  Tlie 
application  of  the  flanu-  to  the  interior  sh<iuld  he  momentary, 
■niierwise  the  ctip  will  bo  heated,  cnndcoiriaticm  of  the  steam 
H'ill  bo  imperfect,  and  the  surface  to  which  it  \a  applied  may  bo 
scorched.  It  is  well  to  moisten  or  bathe  the  surface  of  the  skin 
bdore  the  appHcatioo  of  the  cups  is  commenced.  It  is  tlms 
oofteuod,  and  better  opportunity  oHercd  for  forming  an  air-tight 

JWHL 

When  a  wound  is  accompanied  by  injection  of  poison,  as  in 
ii»  bite  of  a  vmomous  srrf)cni,  a  cupping-glass  may  be  used  to 
withdraw  the  noxious  matter  from  the  part.  Since,  under  thowj 
woditions,  rapidity  of  removal  of  the  poison  is  all  important. 
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tLe  mouth  may  be  nt  once  npplted,  and  the  wound  sucked  uniil 
ciipe  fun  be  procurwd.  The  person  who  ofi'ers  his  wTvicex  in 
such  a  case  should  ht;  (-erinin  tlmt  there  is  no  woond  i>r  ahr*. 
siuu  of  the  ekin  about  hiB  lipe  or  buccal  cavity.  It'  tlii're  is  bt 
may  hi^e  \»»  lite  in  cnnttequL-ncc,  for  though  euch  poiHOn  mv 
be  swallowed  with  impunity,  it  destroys  Hie  if  brought  in  con- 
(act  with  a  row  surfuce  or  wound. 


t- 
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188.  Introdactiou  of  Air  into  the  Longs. — In  all  the  mummula 
or  higher  uniniul«»  pre^y-uru  of  the  uliuoHpherc  is  brought  iiiii 
action  in  the  inlroduction  of  air  into  the  larger  air-put^f^ 
By  means  of  the  apparatus  shown  in  Fig.  d^ 
Pio.  (19.  we  niuy  illuBtrato  the  niuiiner  in  which  x\n 

first  stage  of  iuopiration  and  the  last  of  expi- 
ration arc  accouipliBhed. 

Let  A  B  he  a  hvll-jar  perforated  above,  find 
dipping  into  a  \'es(*elof  water,  1).    Thewall^ 
uf  ihu  jar  may  ho  inia^fint'i!  to  represent  ijic 
walls  of  the  chest.     The  surlace  of  the  watt-r 
in  D  would  represent   the  diaphragm,  &ai 
by   raising    and    lowv-riiig   D   in    a   regiilw 
rhythmic   niutiner,  the  action  of   the  din- 
phragiM   may  be  imitated,  and  the  cnpaciiv 
of  the  interior  of  the  jar  A  B  increased  and 
dlmini^shed.      The   a]iertnrc   at   A    is  to  be 
closed   by  a  eork,  through  which  an  open 
t-ube  T  passes,  aud  termiuateti  in   the  inte- 
rior of  the  jar  in  a  ruhher  sack,  or  a  bladder, 
shown  at  C.    Carrying  out  thesubstitulion  of 
pans,  the  tube  T  reprefteniB  tUv.  trachea,  and 
the  sack  C  the  lung.     The  dotted  line  6how« 
the  form  of  the  bag  when  V  is  raised,  utid 
the  capacity  of  the  chcKt  or  hell  dimini.'^licd. 
Lnwcrirg  I>,  the  vapai-ity  of  A  Bis  increased,  tlie  air  lluw« 
in  through  T  to  L,  exactly  as  when  the  diaphragm  is  lowered 
it  flows  through  the  trachea  into  the  luugf),  and   the  infipim- 
tory  ai-l  is  accomplished.     Raising  D,  the  capacttv  of  A  ii  is 
diminished,  prcsnure  if*  brought  to  bear  on  tltc  bladder  C,  it 
contiinis,  itB  contents  iinssinj;  out  through  T.     In  like  manner 
the  expiratory  act  is  accumpli>hvd.    The  diaphragm  being  ])rc8&ed 
up  hy  the  contraction  of  ihe  ubdnminal  muscles,  it  bulges  up- 
wards, the  capacity  of  the  thoracic  cavity  is  diminished,  tJie 
lung  yiL-lds  to  the  pree^ure,  aud  the  foul  air  is  expelled  through 
the  trathea. 

In  tlic-80  movements  the  totfti  amount  of  compression  aud 
rarefiiction  of  the  air  is  quite  email,  not  annuiriting  to  more 
than  half  an  inch  of  water  each  way.     This  may  be  proved  by 
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>reathi!ip  with  the  nostrils  nnoUstructed,  and  with  a  tube*  oim 
piiil  of  wliich  is  placeil  in  the  mouth  while  thu  other  ciul  ia 
kt'pl  an  inch  or  ao  under  water. 

The  avcriigc  total  aipturity  of  the  ttmffs  in  the  adult  male  is 
33fi  cubic  inches.  The  average  amount  of  air  introduced  ut 
tiiuU  inspirutioii  ih  30  eubic  int-hes,  and  there  aix>  iibuut  18  res- 
ptnitioMA  per  minute.  Thin  gives  540  cubic  inches  i>t>r  minute 
as  the  amount  of  air  inspired  and  expired  by  these  organs. 

189.  Gasei  and  Principle  of  Archimedes.  — The  expcrimcut 
with  tlie  Mu^rdehur^  hemisphoreH  ()entonHtrulc<l  that  air  proves 
i;c)iiull>'  in  all  directions  upnn  hodicfl  plueed  tliercin,  acttnjj^  in 
this  r^npeet  in  the  same  manner  as  water.  It  i(t,  tliercfure,  evi- 
dent tliut  the  luw»  regarding  the  L>i|uilil)i-ium  of  bodice  in  liquidti 
arc  applicable  to  bo<lie8  in  air,  and  thcf/  miut  lose,  a  portion  of 
their  weight  equcd  to  thai  of  the.  air  ihetf  dUplacr. 

That  this  really  hapncna  is*  demonslraied  by  the  instrument 
called  the  W(M<v)p^,  which  is  represented  in  Fig.  70.     It  coiisistn 
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of  an  arm  or  lever  AB,  moving  on  the  fulcrum  F.  To  the 
extremity  A.  a  sealed  gl«.ss  globe  is  attached  which  is  filled 
with  air.  To  the  opposite  extremity  u  counterpoise  of  leiid, 
B.  in  suspended.  The  two  objects  A  and  B  are  an  udjiisteil  that 
in  the  air  they  balance  each  other  when  the  lever  A  B  is 
borizontal. 

l*laringihearrangomoni  under  a  large  hell  upon  the  air-pump 
plate,  aller  a  few  movements  of  the  piston,  the  globe  A  descends, 
flhowitig  that  it  is  really  the  heavier  of  the  two  bodies.  The 
only  rational  ex[»]anntion  that  can  be  gpven  of  this  is,  that  before 
the  air  was  removed  from  the  jar  it  buoyed  up  each  body  just  as 
water  would  do.  On  removing  thi'  air,  since  the  sphere  was  the 
largur  maiw,  it  suflered  most  from  the  loes  of  buoyant  power  of 
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the  air,  and  that  end  of  the  lever  consequently  sank  because  it 
was  the  heavier. 

That  the  loss  of  weight  in  the  globe,  while  in  the  air,  is 
actually  owing  to  the  bulk  of  air  it  displaces,  is  readily  shown 
by  measuring  the  capacity  of  the  globe,  and  adding  the  cor- 
responding weight  lo  the  counterpoise.  Suppose  the  globe 
measures  100  cubic  inches,  adding  31  grains,  which  is  the  weight 
of  this  volume  of  air,  to  the  leaden  counterpoise,  that  side  will 
be  heavier  in  the  air,  but  in  tlie  completely  exhausted  receiver 
of  the  air-pump  it  will  exactly  balance  the  globe,  thus  proving 
the  point  in  question. 

In  place  of  a  globe  containing  air  and  its  counterpoise,  an 
ounce  of  cork  may  be  attached  to  one  arm.  and  an  ounce  of  lead 
to  the  other  arm  of  the  baroscope.  In  the  air-pump  vacuum 
the  cork  will  be  the  heavier.  The  indications  of  the  baroscope 
show  us  the  necessity,  in  exact  scientific  work,  of  either  weighing 
bodies  in  vacuo,  or  of  giving  their  weight  reduced  to  what  it 
would  be  in  vacuo. 

190.  Balloons  depend  upon  the  buoyant  power  of  the  air  for 
their  action.  They  are  immense  bags  made  of  some  light 
material,  as  silk,  covered  with  a  caoutchouc  varnish.  This  is 
enclosed  in  a  network  of  cord,  from  which  a  car  of  wickerwork 
is  suspcniled.  In  the  top  of  the  balloon  there  is  a  valve  to  permit 
the  escape  of  gas;  this  is  managed  by  a  cord  which  passes  down 
to  the  car. 

The  car  carries  a  certain  number  of  bags  of  sand ;  by  means 
of  these  and  the  valve  the  balloon  may  be  made  to  rise  and  fall 
at  tlie  will  of  the  aeronaut.  If  he  desires  to  pass  to  a  lower 
stratum  and  avail  himself  of  the  direction  of  the  wind  of  that 
region,  he  opcim  the  valve  and  allows  sufficient  gas  to  escape  to 
accomplish  this  ]uirpose.  The  rise  or  fall  is  ])roduccd  by  a 
variation  of  a  very  few  pountls  in  tliu  weight  of  the  machine. 
If  lie  desires  to  ascend,  he  allows  a  jiortion  of  the  sand  ballast  to 
escape.  Tims  the  balloonist  can  puss  to  one  or  anotlier  stratum 
of  air,  and  so  obtain  a  certain  amount  of  control  over  the 
course  of  his  aerial  car. 

A  balloon  35  feet  in  diameter  will  hold  about  22,000  cubic 
feet.  The  weight  ()f  this  bulk  of  air  is  KjOO  pounds,  of  hydrogen 
200  pounds,  und  of  coal-gas  about  t;40  pounds.  Filled  with 
hydrogen  it  would  have  a  carrying  capacity  for  material,  car 
fixtures  and  load  of  1400  pounds.  Filled  with  coal-gas  its 
carrying  capacity  would  be  less  ttiaii  1000  pounds.  Tliough  tlie 
ascensional  power  of  hydrogen  is  so  much  greater  tlian  tliat  of 
coal-gas,  the  latter  is  used  in  preference,  since  it  is  much  cheaper 
and  has  less  tendency  to  leak  or  to  pass  through  the  material  of 
which  the  balloon  is  made.     The  largest  balloon  that  has  been 
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>nstrueted  was  nearly  100  feet  in  (iitinieter,  it  hail   a  ciiiiacilv 
[of  450,000  cubic*  feel ;  cluirijed  with  hy<lr«gcn,  it  aseendeu  witli 
lliirt_v-two  persons  to  a  height  ol"  2000  feet 

The  first  balloons  were  ruisoii  hy  means  of  air  rarefied  by 
jeat.  Krom  their  (lifK'overor  they  were  <'allL*d  Monlgolfiers. 
[The  tiret  accent  was  made  by  one  of  liieso  tn  June,  1783.  Shortly 
after  this,  in  December,  1783,  hydroj^en  was  nsc»l  as  heinp  lens 
dangerous.  In  1811,  when  eoul-gas  \va»  introduced.'  or  ligbtiug 
cities,  it  was  snbsiitulctl  for  hydru>;en  In  balloons. 

An  ascent  ntade  by  Gay-Lnssacin  1804  is  worthy  ol  mention 
[pn  acconnt  of  the  Rciontilic,  and  especially  the   physiulogical 

Fia.  :i. 


Itallu'ii), 

information  obtained.  The  height  reached  was  28,0(H)  feel;  the 
baroMjetcr  »irik  to  12. (>  inches;  the  tliernionieter,  81°  C,  at  the 
jrroiind.  sank  to  — 'J°  V.  The  air  was  so  dry  that  paper  shrank 
and  crumpled  as  if  il  tiad  been  held  near  a  hut  £re.  Kefpim- 
tion  was  greatly  adeelenited,  and  the  pulsations  of  tlie  heart, 
which  were  nornially  00,  became  120.  Such  profound  dis- 
Itirhnnoes  of  the  fiineiioiis  of  the  l)ody  leaii  us  to  wonder  that 
no  attempt  haa  been  made  to  utilize  balloons  as  a  rcnifUal 
it  in  the  treatmail  of  crrdun  diseases.  C'erlainiy  it  would 
that  eaptive  bnlloonB  might  be  employed  in  great  citice  for 
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the  purpose  ofraUing  patients  sufleriDg  witb  \'arious  coni|il&iDt8 
to  a  sumvieiit  height  to  give  them  a  supply  of  pure  air  durio; 
a  few  hours  of  the  day. 

191.  Recent  Balloon  Ascents. — In  September,  1S61,  GUiahcr 
made  iiu  ascent  of  whi<.h  tlie  following  is  thu  record.  LtfUlw 
earth  at  1  I'.u.,  in  23  niiiiulett  ruat'lied  nii  idliturlc  of  15,7>i0  fm; 
in  11  iniimtes  after  'ihU'JO  feet.  lomt«irature  — 10**  C.  At  1.52, 
the  altitude  waa  29,000  feet;  temperature  —16*  C.  The  (A- 
ser^'er  then  fainted.  The  lowest  proximate  estimate  of  haro- 
metric  height  was  7  inches.  This  would  corresitoud  to  aii 
elevation  of  36,000  feel. 

At  1!>,000  feet  Gl.^isher  had  no  difficulty  in  making  obser^ 
vations,  though  his  companion  panted  for  breath.     Ai  2;).O00l 
feet  his  creisight  failed;  the  sense  of  hearing  and  other  fneuhietj 
remained  a  little  longer.   Muscular  power  was  entirely  lost,  an^ 
his  roinpauion  w:is  partly  jtaralyzud  by  the  intense  eold. 

An  a-'M-ent  made  by  the  balloon  "Zeiiiili,"  in  April,  1875, 
aulti'd  fatally  to  two  of  the  occupant;?,  thu  third  biirely  oscaping 
witb  his  life.  The  object  of  the  ascent  was  to  determine  the^ 
amount  of  carbonic  anhydiide  and  vap<)r  of  water  at  grea^H 
elevations.  The  acronauta  were  Ti8san<lier,  Sivel,  nnd  Oroce^* 
Bpinelli. 

The  rate  of  aacent  was  nine  feet  per  second  at  the  start,  this 
slowly  diminished.  In  HO  minutes  an  altitude  of  nearly  23,000 
teet  Avas  reached.  Tlio  travellerft  had  a  supply  of  oxygen  with 
them,  by  which  thev  weru  enabled  to  niuiiitain  respiration.  A^h 
this  point  some  ballast  was  throwti  out.  The  accent  hecam^f 
more  rapid,  and  Titsiiandier  fainted.  The  balloon  then  descended. 
On  recovering,  all  huing  well,  more  ballast  was  thrown  over, 
and,  at  tlie  same  time,  Spinelli  threw  overboard  the  a»pirator, 
weighing  80  pounds.  In  the  6n<ldcn  rise  that  followed  Tis^an- 
dier  became  unconscious,  and  remained  bo  for  an  hour.  When 
be  regained  his  senses,  he  found  the  ball-joTi  rapidly  descending, 
and  very  little  ballast  left.  The  other  occupants  of  the  cjir  were 
both  dead,  their  faces  black  and  covered  with  blood  which  hi  ' 
escaped  from  the  tnoutU  and  nose. 

The  maximum  height  recorded  by  the  instruments  was  over 
28,000  feet.  It  is  probable  that  death  was  caused  by  suftoca- 
tion,  the  result  of  the  second  rapid  transition  to  a  very  rarefied 
atmosphere  which  followed  the  ca!*tiiig  out  of  the  aspirator. 

On  manv  pix'vioue  occasions  life  had  been  lost  on  the  earth's 
surface.     The  deaths  of  Sivel  and  Crnce-Spiticlli  were  the  tirst 
recorded  in  the  uppernioet  regloni*  of  the  air,  and  great  werft_ 
the  honors  paid  by  France  to  her  martyrs  in  the  cause  of  sciencofl 

192.  Ballooa  Traffic. — During  the  luvcstmeut  of  Paris  by  the 
Prussians,  in  1H70,  a  regular  balloon  service  was  established. 


I-Tlies«  ballooue  were  BpherU-al.  and  contaUieil  aUouL  70,000  feet 

lof  ^s.    The^'  wurc  (*tiii'te<l  tii  tlio  eveiiiii;^-    I"  'tie  l"«'iir  niontlis. 

beginning  uiili  Stptemhcr  28,  sixt^'-four  left  Paris,  latlen  with 

IGl  pii.'«!<eiit^rs,  auu  nine  toiiij  of  dcKpatclies,  coDtuiniii^  abuut 

[S,000,000  futtcm.    Out  of  the  total  number,  57  reached  their 

[<le8tinHtion,  2  were  lost  at  sea,  atid  5  were  captured  hy  the 

I  Prussians.    Bv  this  means  .Tutit^cii,  the  astronomer  and  physicist, 

[e»cnped  from  the  beleattured  L-it_v,  and  taking  hia  instruments 

:witU  him  made  ol)8ervatiotis  in  the  tiouth  of  France  on  au 

^etip8c  of  the  sun. 


193.  Resistance  of  Air  to  Moving  Body. — In  (182)  the  resistance 

water  to  the  movement  of  hodie.s  therein  was  discussed,  and 
experimentally  ilhisirated.     In  the  same  manner,  though  to  a 
less  extent,  air  resists  the  passage  of  objects.     This  is  shown  by 
!tbe  i(i»trunient  known  as  the  guinea  and 
feather  tube.  Fig.  72.    It  consists  of  a  stout  y,n  yy. 

ghis«  ttilw,  three  inelics  in  diameter,  four  or 
five  feet  lonif,  and  hermetically  mealed  below. 
The  upper  imrt  is  closed  air-tiglit  by  a  bmss 
cap.  through  whieh  a  brass  tube  provided 
with  a  stopeook  passes.  In  the  interior  of 
the  glafts  tube,  a  diak  of  brass  and  a  disk  of 
paper  of  e«iual  size  are  placed. 

\Vbcn  the  apparatus  is  titled  with  air,  and 
f|Uickly  inverted,  the  metal  drops  immedi- 
atfelr  from  one  entl  of  the  lube  to  llie  other, 
while  the  paper  sluwly  sink.s,  requiring  at 
least  ten  time-q  the  time  occupied  by  the 
metal  to  pass  through  the  length  of  tlie  tube. 
Attnehing  the  tube  to  the  air-pump,  exhaust- 
Itig  it,  closing  the  stopcock  A,  remuviug  tlie 
uppamtus  from  llic  air-pump  plate,  and 
again  quickly  inverting  it,  the  paper  and  the 
inetal  fall  together  from  one  end  of  the  iii- 
Blrumciit  to  the  other.  If  the  vaeuiini  U 
(rood,  there  is  no  perceptible  difiereuce  in 
llieir  vel(»eity.  The  paper  moves  as  rapidly 
«  though  it  were  a  mass  of  lead.  Opening 
the  Htopcock,  and  admitting  air,  the  paper  i(..i 
comportci  itself  in  the  normal  manner,  and 
Anks  slowly.  The  natund  explanation  of 
die  phenomena  in  ([uestitm.  it*  ilmt  air  resists  the  passage  of 
objertfi,  acting  in  this  respect  in  the  same  manner  as  a  Huid. 

\Vhcn  the  rate  of  movement  ia  rapid,  as  in  the  case  of  a  rail- 
Train,  the  resistance  of  the  air  is  then  very  evident,  the 

ad  readily  perceiving  it,  and  if  the  head  be  passed  outside  of 
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tho  car  window,  with  the  face  turned  in  the  direction  of  the 
motion,  serious  interference  with  the  act  of  respimtion  ia  experi- 
enced. It  is  this  resistance  of  air  that  chiefly  puts  a  practical 
limit  to  the  rapidity  of  movement  of  railway  trains.  It  also 
quickly  reduces  the  velocity  of  the  rifle-bullet,  and,  in  order  to 
avoid  it,  the  lightning  flash  ia  driven  to  a  zigzag  course. 

194.  Faraclmte. — In  the  use  of  balloona  accidents  have  at  times 
occurred,  either  from  the  valve  becoming  fixed  or  from  rents  id 
the  Ijulloon.    Under  these  circumstances  tlie  aeronaut  is  enabled 

to  leave  the  machine  by  the  apparatus 
in  question.  A  parachute  may  be  de- 
scriucd  as  an  immense  umbrella  some 
16  feet  in  diameter,  and  capable  of 
being  folded  up  in  the  same  manner. 
In  the  top  there  is  a  small  opening. 
Leaving  the  balloon  the  parachute 
expands,  and  descends  slowly  on 
account  of  the  resistance  of  the  air  to 
the  great  area  of  surface  it  oflfera. 
The  air  being  compressed  in  the 
hollow  of  the  apparatus  escapes 
through  an  opening  in  the  top,  thus 
the  descent  is  regulated,  and  freed 
from  the  swaying  motion  it  would 
ThepaiMhaie.  othcrwise  havc. 

195.  Bate  of  Movement  into  a  Vacnnm. — The  resistance  of  air 
to  moving  bodies  shows  that  though  very  mobile  its  particles 
have  a  certain  amount  of  viscosity,  and  require  time  tor  the 
execution  of  movements.  It,  therefore,  follows,  that  as  time  is 
required  by  the  molecules  of  air  to  get  out  of  the  way  of  a 
rapidly  moving  body,  time  must  also  be  required  for  them  to 
till  in  the  space  behind  an  object  in  rapid  motion.  When  the 
velocity  of  the  body  is  very  great,  as  when  a  cannon-ball  first 
leaves  tlie  mouth  of  a  gun,  there  is  an  almost  perfect  vacuum 
for  a  certain  distance  behind  the  shot.  The  question  arises, 
Wiiat  is  the  rate  at  which  air  can  flow  into  this  vacuum? 
Many  attempts  have  been  made,  and  various  methods  adopted, 
for  the  solution  of  this  problem.  That  which  appears  to  ofter 
the  greatest  probability  of  accuracy,  places  it  at  about  1280  feet 
per  second,  which  is  more  rapid  than  the  rate  at  which  sound 
traverses  the  atmosphere  under  ordinary  conditions. 

198.  The  Cannon  Beport  and  Thnnder. — In  exphmation  of  these 
plienoniena,  the  following  experiments  are  oftijred.     At  A  B, 


Fij:.  74t  ihe  instniniciit  known  as  the  wattr  hammer  is  rcpre- 
:i».-mu>().  It  is  nia<l«  of  jfliirw,  atoiit  enough  to  resist  the  iiix'saurc 
|of  tliu  ttir  when  a  vacuum  is  made  in  its  interior.     The  lubulur 

purtion  B  is  snnicwhiit  more  than  half  tilled  witli  water.     The 

space  above  this  Is  vacuous  op  contains  vjipor 

t»f  wftter,  no  air.     IlulUiiig  tlie  iiistruincnt  tii  Fro,  71. 

tlic  pofttiioM  rcpreseiitt'il,  nnd  ^Iviii^  it  a  nipid 

tipwurtl  movement,  whii^h  i«  siuldenly  fluinjiied 
it(*  a  (]irwii%vard  out',  the  colunin  of  water  either 
jleAvca  the  bottom  of  the  tube  or  breaks  into 

two  portions.  The  upper  mass',  drawn  down 
\hy  gravity,  falls  on  the  bottom  or  lower  por- 
Ition,  and  Htrikinp:  it  emits  a  cli<:kin^  sound. 
iTo  produce  iIiIh  result  the  vacuum  must  he 
ivory  ^ood,  «ineo  (he  presence  of  even  a  small 
'portion  of  air.  by  its  elastieity,  takes  oi\  the 
!  shock  and  prevunttj  emission  of  sound.     Fnuu 

thiA  wo  learn  that  two  tluidft  orntiiitd  and  A 

•olid  Btrikin^  against  each  other  in  a  vacuum 

produce  sound  vibrations  whicli  pass  from  the 

fluid  through  the  gluaa  to  the  air,  and  »o  aflect 

our  aen»e  of  hearing. 
In  the  experiment.  Fig.  75,  A  B  represents 

a  jflnw.  the  upper  mouth  of  which,  A,  bins  been 

closed  iiir-ligbt  by  a  portion  of  bladder  or  some 

tuembranou*  structure.      Placing   the  instru- 
ment wilb  its  other  ninuih,  B,  on  the  plate  of 
,1111  air-pump,  and  prot-eeding  to  exhaust,  the 
'pressure  of  the  atmotiplieru  borTie  by  the  niein- 

liratiu  at  InHt  becomett  km  great  that  it  audilonly  ruptures,  and 

the  folumn  of  air  Calling  on  the  plate  nf  tbo  air-juimp  produces 

»  sound  utmost  cqiiiil  to  tbul  of  a  ]ustol-shoL     lu  this  cade,  ibd 

noise  has  originated  in  the  sudden  impact 

of  a  gas  on  a  solid,  there  being  compara- 
tively little  air  intervening  to  interpose 

itfi  elH^t icily. 
Willi  tbi*e  iUuHtnitions  before  iih  w*- 

fjin  understjuid  the  origin  of  the  sound 

emitted  by  a  rille-ehot  in  its  passiige.    Its 

Tftlocily  approaching  a  couple  of  thousand 

ftet  por  second  as  it  leaves  Ibc  gun.  a 

vacuum  is  of  no'T».«it_v  formed  bidiiiid  it. 

Into  (his  eyliudrieal  track  orvaennm  the 

air  ruidie*  at  the  rate  of  over  1200  iWt  [KT  second  from  all 

iideB,    The  opiiosing  columns  iTieetinsal  the  axis  of  the  cylinder 

produce  sound,  josi  as  it  ts  produced  in  the  water  hammcrwben 

Ike  two  columns  of  water  strike  togedier  in  t}ie  vacuum. 
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In  the  track  of  the  lightning  flash  a  vacuum  is  also  prodaced. 
The  reverberations  of  thunder  which  accompany  lightuing  io 
its  course  are  the  clashing  together  of  the  walls  of  the  vacuoia 
track  the  lightning  has  cleaved  through  the  atmosphere.  Verily 
no  better  evidence  of  the  materiality  of  air  can  be  offered  than 
the  fearful  crash  which  attends  the  striking  of  lightning  near  by. 


CHAPTER   XIV. 

BAROMETRY. 

Galileo's  explunation — Torricelli's  experiment — Pascal's  experiment — Pressure  of 
Ihe  atmo^phora — Cistern  barometer — Fortin's  barometer — Siphon  barometei 
— Wheel  barometer — Glycerine  barometer — Errors  in  barometric  reading— 
Ban>metric  variations — Mean  barometric  heijrhts — Cause  of  barometric 
variations — Barometric  variations  and  the  weather — Barometer  and  the  winds 
— Barometer  and  the  deuth  i-nie. 

197.  Qalileo'B  Explanation. — The  explanation  of  the  principle 
upon  which  the  bitromuter  depends,  is  best  attained  by  a  brief 
review  of  the  history  of  its  discovery.  About  the  3'ear  1642, 
an  attempt  was  made  at  Florence,  in  Italy,  to  raise  water  by 
means  of  a  lilt-pump  to  the  upper  stories  of  a  palace  which 
had  been  recently  erected.  Galileo,  the  leading  philosopher  of 
the  day,  was  called  in  .consultation  by  the  Grand  Dulce,  and 
after  many  experiments  found  that  no  matter  how  perfect  the 
construction  of  the  pump,  water  could  not  be  raised  thereby  to 
a  height  greater  than  about  thirty-four  feet. 

In  those  days  the  cause  of  the  rise  of  water  in  a  pump  was 
attributed  to  "  ^N^ature's  horror  of  a  vacuum.'"  This  explanation 
had  passed  unchallenged  for  many  centuries.  Galileo  gave  it  as 
his  opinion,  that  the  reason  why  a  pump  could  not  raise  water 
higher  tlian  thirty-four  feet  was  because  that  was  the  limit  to 
which  the  pressure  of  air  could  force  it,  an  explanation  which 
had  been  suspected  as  far  back  as  the  days  of  Aristotle. 

198.  Torricelli'8  Experiment. — Torricelli,  a  pupil  of  Galileo's, 
sought  to  prove  his  master's  explanation.  lie  suggested  that 
since  air  had  been  shown  to  have  weight,  the  true  reason  why 
the  water  rose  in  the  pump  was  because  the  air  pressed  on 
the  surface  of  the  water  in  the  cistern,  and  so  forced  it  up. 
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IP  reaKon, 
U-eau^t^  when  the  air  liad  torc-uil  up  a  coluriiii  of  lluiil  equal  To 
its  own  weight, equilibrium  wus  t'stublished,  and  no  further  rise 
n-ofi  poH$ible. 

Id  demoustratiot)  of  tbis  theory  be  proposed  the  following 
experiment.  Subt^tituting  inereury  lor  wuier,  he  argued  that 
since  it.  was  thirteen  and  u  half  tirncB  as  hoary  as  water,  and  a 
pump  could  raise  walirr  about  34  teet,  thereforu  it  stiouhl  raise 
mertnry  ahoul  30  iimbcs.  Kimlin^  that  such  was  iho  uiise,  he 
contrived  the  iuslrutneiit  we  uow  know  as  the  baromuter,  or 
nie4iHUrcr  of  ibu  weight  of  air. 

For  tlie  ronfiiructioii  of  ihc  harometer,  a  tube,  A,  of  stout  glass 
\»  required.  It  should  have  a  bore  about 
ono-fiuarter  of  un  inch  in  ihatiitjter,  and 
be  thirly-tVmr  inches  iu  Ivtigth.  One  ex- 
tremity, A,  should  be  hermetically  sealed, 
and  the  other  open.  It  should  be  chem- 
icnily  eleau  in  the  interior.  It  must  he 
tilled  with  puVe  uiereury,  atid  every  bub- 
ble OP  trace  of  air  earefully  removed. 
Tliis  may  l>e  done  in  tlie  following  niuii- 
iicr,  when  the  objeet  is  in  ofter  a  lecture- 
n>ani  ilbie'ti-utiou  of  the.  cunetruetiun  of 
iho  instrument.  The  tube  itt  tilled  to 
within  balf  an  ineh  nf  the  open  end,  it 
is  then  t^losed  by  tlie  tiuger,  and  inelitied 
so  thai  the  large  entrapped  bubble  of  air 
passes  to  the  other  eud.  In  its  course 
ii  lieks  tip  all  the  small  luibbles  that 
hove  been  taught  between  tiie  mercury 
Kud  the  ^^all  of  tbe  lube.  The  removal  of 
the  air  may  he  taellitalcil  by  beniiiig  the 
tube ;  the  bu  bVlcs  of  air  arc  tlius  uxjmnded. 
The  tube  tituilly  asfiuiiies  the  appearauee 
of  arrid  of  polished  steel.  For  the  method 
of  lining  the  barometer  for  accurate  scicn- 
tifie  research,  see  (3d,  20(1). 

All  air  having  been  removed,  the  lubo  is  filled  with  mer- 
cury. Its  open  extremity  is  closed  by  the  finger,  and  it  ie 
placed  with  its  mouth  downwanls  under  the  surface  of  mer- 
cury in  a  small  basin  or  cistern,  B.  Uemoviug  the  linger  from 
the  mouth  of  the  tube,  this  mercury  drops  froui  the  upper 
or  sc-nlctl  extremiiy,  and  after  a  few  oecillations  stands  at  a 
vertical  heijht  of  about  thirty  iia-hes  ab(tve  the  level  of  that 
iit  the  basin.  The  empty  space  between  the  top  of  the  nier- 
nir}*  and  the  lop  of  the  tube  is  called  the  TurricfUiau  mruum. 
It  was  fur  long  auppoeed  to  be  a  jierfect  vacuum,  but  is  now 
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known  to  contain  traces  of  vapor  of  mercury,  together  with 
moisture,  and  the  last  portions  of  air  which  cannot  be  removed. 
Any  movement  of  n  barometer  thus  constructed  ia  attended 
by  oscillations  of  the  liquid  in  the  tube.  It  often  strikes  the 
sealed  end  with  such  force  as  to  cause  fracture  of  the  glass.  To 
avoid  this  the  tube  should  be  held  in  an  inclined  position,  the 
mercury  then  rises  to  the  top  and  there  remains.  1  here  is  then 
no  oscillation  and  liability  to  fracture  is  avoided. 

The   manner  of  action   of  air  in  forcing  mercury  up  the 
barometer   tube,  may  be   illustrated   by  the  following  experi- 
ment.   Let  A  B  represent  ajar  three  feet  in 
Fio   77  height  and  four  inches  in  diameter.    Suffi- 

cient mercury  is  poured  into  it  to  make  a 
layer  half  an  inch  deep  at  the  bottom.  Into 
this  a  tube,  C,  longer  than  the  jar,  and  with 
both  ends  open,  dips.  The  mercury  is  seen 
to  stand  at  about  the  same  level  in  the  tube 
and  in  the  jar.  Let  water  be  poured  into 
the  jar.  It  presses  upon  the  surface  of  the 
mercury  at  A ;  as  more  water  is  added  the 
mercury  rises  higher  in  the  tube.  In  like 
manner,  pressure  of  the  air  upon  the  surface 
of  the  mercury  in  the  cistern  of  a  barometer 
forces  that  liquid  up  its  tube. 

199.  Pascal's  Experiment. — Torricelli  did 
not  long  survive  his  discovery.  Shortly  after 
his  death,  Pascal  took  the  subject  up,  and 
completed  the  demonstration  by  two  methods 
of  procedure. 

1st.  lie  argued  tbatif  Torrieelli's  explana- 
tion is  correct,  and  the  mercury  is  sus- 
pended in  the  barometer  tube  by  the  pres- 
sure of  air,  it  follows,  that  if  the  instru- 
ment is  carried  up  a  mountain,  ^nd  the 
column  of  pressing  air  reduced  in  altitude,  the  mercury  must 
fall  in  the  tube,  and  stand  at  a  much  lower  level.  Under  his 
direction  the  experiment  was  tried  on  the  summit  of  the  Puy 
de  Dome,  in  Auvergne,  when  it  was  found  that  the  level  of  the 
mercury  was  three  inches  lower  than  it  was  at  the  base  of  the 
mountain. 

Pascal's  experiment  may  be  illustrated  by  placing  a  barom- 
eter under  a  tall  air-pump  jar.  On  exhausting  the  jar,  and 
so  reducing  the  pressure  upon  the  mercury  in  the  cistern,  the 
same  eft'ect  is  produced  as  though  the  instrument  was  car- 
ried up  a  mountain,  and  the  liquid  falls  in  the  tube.  By 
pushing  exhaustion  to  the  extreme,   the  mercury  in  the  tube 
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mny  be  made  to  oc-oupy  very  nearly  tlie 

r  the  pressure  of  uir,  the  mercury  ajiain 

risea  iu  the  tube,  an<l  with  resloration  of  the  original  firessurc 

it  ivKair)^  its  normal  beigbt  of  tbirty  inches  above  ibc  love)  of 

tluit  111  the  ciRterii. 

The   second    method   of  Pascal    was   to   repeat    Torricclli'a 

experiment  with  a  variety  of  lifiuidt*.     Uistng  u  tube  fifl.v  feet  in 

length,  nnd  nianipulaiing  with  U  a^^  tt  hiirotiu'ter,  he  fiMiiid  that 

when  it  wam  tilled  with  water  that  liquid  i^tood  at  an  altiludu  of 

thirty-four  feet,  or  thirteuu  and  n  half   tiniea  as  high  uh  the 

column  of  mercury.     Mercury  being  thirteen  and  a  half  times 

as  lieavy  as  water,  it  followed  that  tlic  weight  of  the  eolunin  of 

I  water  wn«  exactly  equal  to  the  weight  of  the  column  of  mercury 

'flsed  in    Torricelli's   experiment.      Consequently    the  columns 

were  in  each  ciimc  uuppurted  by  the  came  tbree,  ami  thnteould 

be  none  other  than  the  pressure  of  the  air,     Kxperiments  with 

\vdaG  and  oil  gave  like  results. 

200.  Prewnre  of  the  Atmoaphera. — If  we  grant  that  the  tube 
[ui^cd  in  (he  con&iruetion  of  a  mercurial  barometer  hatt  a  trans* 
[verse  area  equal  tu  one  square  ineh,  and  the  mercury  Btarid^  ut 
in  altitude  of  thirty  inchett,  it  foUowt^  that  the  e<>luniii  is  equal 
I*)  thirty  cubic  inehes  of  mercury.  The  weight  of  this  mass  of 
jmercury  is  nearly  fifteen  pounds.  Consequently  since  thie 
balances  a  column  of  air  of  equal  area,  it  is  evident  that  the 
^jtresHurt  uf  the  afmnsphnr  on  a  sifuure  inch  of  sirrfaee  is  ftfttal  (o 
ySUcn  pounds.  This  is  about  one  ton  to  the  square  foot.  Aa  the 
[surface  of  an  ordinary  human  body  ia  about  sixteen  square  feet, 
[it  follows  that  the  protsnre  thereon  must  be  equal  to  sixteen  tons. 
The  only  rea^nu  we  are  not  crubhed  to  earth  by  this  fearful 
I  incubus  of  weight  is,  that  it  aets  on  the  interior  as  well  as  the 
B  exterior  of  the  body,  and  so  the  exterior  prossnn:-  ie  eounler- 
H  balanced  or  neutralised.  That  this  is  really  the  case  is  shown 
Hby  the  fact  that  when  pressure  on  any  part  of  the  surface  ia 
^uunnved,  as  in  the  act  of  cupping,  that  portion  is  immediately 
^HBttcd  outwards. 

^hen  any  gjw,  va[>or,  or  fluid,  bears  ujion  a  surface  in  such  a 
_  fUftinicr  as  to  exert  a  pressure  of  lifteen  ])ouiid8  on  each  square 
inchof  the  surface,  it  is  said  to  exert  &  pre.isure  of  one  atmosphere ; 
tlint  being,  as  we  have  seen,  the  weigibt  with  which  the  atmos- 
phere presHcs.  If,  for  example,  steam  in  a  boiler  is  exerting 
a  pressure  of  sixty  pounds  on  every  square  inch,  we  say  that  the 
'-'lasiic  force  of  the  steam  is  equal  to  four  atmoBpheres  of  pres- 
wire.  According  to  the  metric  system  ulmostihcric  pressure 
u  0°  C.  and  the  level  of  the  sea,  is  equal  to  u  column  of 
niercury  760  millinietreH  in  height,  and  the  prcBsnro  on  a  square 
<»ntintcti-e  is  1.03;i9C  kilogramme. 
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20L  The  Cistern  Barometer. — Various  forms  have  been  given  tB 

the  haroineter.     That  usuuliy  emijloyed,  and  the  &in)u1««t  in 

CDUsttructiou,  18  thu  citKlcni  barometer,  Fig.  78.     It  consiets  di'  i 

Torricelliiin  tube  about  tbirty-lbur  inches  iulengih, 

Fw.  78.         which  IB  firmly  attached  to  an  upri)£bt  auju'oit 

This  ia  constructed  thnc  it  may  bo  linng  by  ibe 

top  and  »  ])eri'tudit'nlar  }.">»ilioii  sc'ciirt-MJ. 

Ill  measuring  the  huighi  of  tbu  column  of 
mercury  in  the  hflrometric  tube,  the  point  of  ile^ 
parturc  for  \\x^  mcasur^-ment  is  the  surface  uf  tbu 
mercury  in  the  lower  cup  or  cistern.  From  tbis 
to  the  top  of  the  mercury  in  the  tube  is  the  \\vi\i 
of  the  column  Imlanuiiig  the  air  prcsRure  lU 
lime  of  observation.  It  iti,  of  course,  underat 
tiiat  tliis  measure  is  taken  with  the  lube  in  a 
pendieulur  or  vertical  position. 

Act  the  mercury  in  tlie  barometer  rises  and  fell* 
in  the  tube,  more  or  kss  of  it  passes  into  tb« 
cistern.  The  quantity  in  the  cistern  being,  tbei 
fore,  variahle,  the  zero  of  the  scale  of  incasu 
ment  is  vnriahlc.  To  avoid  this  error,  the  cistern 
is  made  as  \vidc  as  possible  in  its  upper  part 
timt  tbti  variations  in  level  umy  be  ruduueu  to 
as  small  a  fraction  of  an  inch  as  possible.  It  is 
this  enlargement  of  the  cistern  that  givee  the 
name  to  tnis  form  of  instrument.  The  cistern 
is  not  entirely  closed  in  from  ibe  uir,  an  opening 
is  lell  in  the'  top.  in  the  position  shown  at  a. 
Tbr4»ugh  this  uir  has  access  lo  tlie  surface  of  the 
mercury,  and  variations  in  its  pressure  are  not 
interfl-rcd  witli. 

Comparing  the  altitude  of  the  column  of  mer- 
cury with  that  of  the  air  which  it  is  balancing,  the 
U'tigth  of  till!  former  is  exceedingly  siiihII  com- 
pared with  the  latter.  It  is,  tlieretore,  necessary 
to  read  the  hurouietric  variations  to  very  small 
tractions  of  an  inuh.  Even  in  ordinary  barometers  the  readings 
are  |o  hiinilredths  of  an  inch.  To  read  miTiute  quantities  sucli 
as  this  with  even  an  approacii  to  ae<:uracy,  tlie  device  known 
a  wnnVr  Is  employed. 
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202.  Portia's  Barometer. — Tn  this  the  error  of  cistern  level  in 
the  preceding  form  is  cliniiuntod,  and  tlie  instrument  is  at  the 
same  time  made  more  portable.  The  main  ditfereiice  is  in  the 
construction  of  the  cistern.  This  is  composed  of  a  glass  cylinder, 
A,  the  bottom  of  which  is  formed  by  a  piece  of  leather. 


UAROUBTRT. 
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tinst  the  centre  of  this  u  wooden  button,  V.  ])rcBBC8.     The 

:on  is  liriven  by  a  screw,  the  head   of  which  h  shown  at 

By  means  of  this  screw  and  tlie  flexible  bottom  of  the  cis- 

(,  any  vartatiiHi  in  level  of  thtr  iiier*:(iry  may  he  corrected. 

The  "tcale  in  this  form  takes  \tn  departure 

^'"  ""■  from  a  point,  P,  which  projecte  downwards 

IB  '  into  the  cylinder  from  its  cover,  and  wiiieb 

I  may  be  readily  seen  tlirou<rh  its  gluiis  wall. 

■  When  an  observation   is  to  be   made,   the 

screw-head  is  turned  either  up  or  down,  as  is 
rc()uired,  nnt.il  this  point  juHt  toucliett  the 
siirfa**e  of  the  mercviry.  The  level  of  the  mer- 
cury in  the  cistern  is  tlien  ut  the  true  zero  of 
the  st-ale,  and  correct  reiidings  mav  be  made. 
The  connection  between  the  barometer- 
ttiheand  the  metallic  top  of  the 
(cistern  is  made  hy  means  of  a 
disk  of  leather  lied  l{)  each. 
Tbroiivh  the  pores  of  iliiflva- 
ria(ion!<  in  atnioispheric  preft- 
suro  are  readily  transmitted. 
When  the  instrument  in  to  be 
transported,  the  adjustment 
screw  at  the  botiom  is  to  be 
turned  until  the  mcrenry  fills 
the  cistern.  The  harometer 
may  then  be  inclined  without 
the  mercury  striking  the  top. 
it  may  be  even  turned  upside 
down — indeed.thnt  is  the  safest 
position  in  which  it  can  be 
carried. 


1 1=:  *. 
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803.  The  Siphon  Barometer.^ 
In  this  the  tube  is  bent  in  the 
manner  shown  in  Fig.  80.     It 
rtKU.-.  i.r»«.M..  consists  of  a  Innjr  arm  A.  and     si,,i«,„  ,«r..,««i.r 

M  short  arm  B.    The  loinr  arm 
1  Hhori    arm    are    tilled  with    mercury.     The  iuHtrunient  is 
ti  placed  a.s  in  the  Bgiire,  when  the  mercury  takes  the  posi- 

0  shown  and  in  the  proportions  giveu.  The  end  of  the  short 
Q  li  open,  air  thut>  ^iiinei  access  and  itr>  variations  in  pressure 

toade  evident.     Another  form  is   kuowu  as  Ciay-Luswac'ij. 

1  improvement  consiBted  in  the  Intnidtiction  of  the  narrow 
•Qbe  between  the  larger  and  smaller  tube.  The  instnitneat 
I  thus  made  portable. 

I  support  and  srnlc  nccompanv  the  instrument.     When  a 
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reading  is  to  be  made,  the  top  of  the  mercury  in  the  short  arm 
is  brought  to  coincide  Avith  the  zero  of  the  scale.  The  pointtr 
of  the  vernier  is  then  adjusted  to  tlie  top  of  the  mercury  in  the 
long  arm  and  the  vernier  read  off. 

204.  The  Wheel  Barometer  is  another  form  of  this  instrument. 
It  is  not  employed  in  scieutitic  inquiry,  but  is  in  c^ommon  use 

as  a  weather  gauge  in  houses.    Tt  \i 
Fio.  81.  a  siphon  barometer  of  the  old  form 

befure  Gay-Lussac's  moditicfttion  waa 
/  ■  introduced.     On  the  mercury  In  the 

'■    [\  short  arm  there  is  a  float,  as  is  showD 

.:  ij  in  Fig.  81.    From  this  a  rack  passes 

upwards,  which  works  on  a  toothed 
pinion  on  the  axis  of  the  index.  As 
the  mercury  rises  and  falls  in  the  short 
arm,  the  float  and  its  rack  also  alter- 
nately rise  and  full,  thus  the  movement 
of  revolution  is  imparted  to  the  index 
through  its  axis. 

805.  Glycerine  Barometer. — Qljeerine 
having  about  one-tenth  the  specitic 
gravity  of  mercury,  has  been  employed 
for  tiie  construction  of  a  barometer,  in 
which  the  movements  on  the  scale  may 
be  of  considerable  magnitude.  The 
vertical  height  of  such  an  instrument 
should  be  about  twenty- eight  feet. 
The  tulie  may  be  ordinary  iron  gas 
pipe  a  little  over  half  an  inch  in 
diameter;  it  can  thus  be  made  to  follow 
such  irregularities  of  course  as  may 
be  required.  The  u])per  termination 
should  be  a  glass  tube  one  inch  in 
diameter,  about  live  feet  long,  and 
hermetically  sealed'  above.  This  is  to 
'■.  _■-  be  arranged  in  one  of  the  upper  stories 

whi*i i».r«ni.tcr.  of  the  buihlihg,  the  cistern  being  in 

the  cellar.  Every  inch  on  the  ordinary 
barometer  scale  is  equivalent  to  about  ten  inches  on  the  scale  of 
this  instrument. 

Glycerine  vapor  having  very  low  tension  at  ordinary  temper- 
atures of  the  air,  there  is  very  little  backward  pressure  in  the 
upper  part  of  the  tube.  In  this  respect  it  ])repents  great  advan- 
tages over  water  in  its  adiif>tability  to  the  purpose  in  question. 
The  chief  disadvantage  is  that  it  abgorbs  moisture  from  the  air. 


This  may  be  avoi(le<i  hy  covering  the  g]yeenn©  in 
with  a  hiyer  of  parattiiie  oil. 


le  cistern 


t-". . 


306.  £rron  in  Borometrio  KeadiDg^i. — 1st.  Lack  of  purity 
in  the*  mcrt-iiry.  The  iircaoiice  of  uny  Imaor  metul  as  lead,  tin, 
litic,  hy  itlleriiig  il8  specitic  gi-uvily,  will  alter  the  heiglit  of  tho 
filiiniii  <»f  Huiil  iiK|inrc(i  to  ctiiiiitt-rpoinc  the  weight  of  tlieair. 
Tiifc  mercury  shonhl  ho  purified  both  Uy  distillation  and  by  the 
Mioii  of  dilute  iiitrie  at-id  in  a  (iliullow  dish. 

2»l.  Tho  mercury  mnst  be  perfectly  free  from  oxide  or  it  will 
idliuro  to  the  eides  of  the  ghiss.  and  the  euluniu  will  be  too  long 
or  loo  short,  aecoi-ding  as  it  hut^  lust  moved  upwards  or  down- 
wsids, 

8d.  Every  trace  of  air  and  moistaro  must  be  removed.  This 
IB  beat  done  by  pnuririy  a  Bmall  qunnlity  of  mercury  into  tho 
Eulie,  and  boilinu:  it  for  some  time,  all  air  and  moisture  arc  thus 
Jrivcti  off".  When  it  has  cooled  to  100°  C,  or  thereabouts,  & 
•ewind  quantity  nf  mc-r<Miry  Avnrmed  to  this  temperature  is 
■<Jded.  This  is  uUo  boiled  lor  some  time;  this  prucetis  is  con* 
'>nuL>d  until  ilie  tube  is  filled  wilh  the  fluid. 

*th.  The  lube  should  be  sufficiently  wide  to  allow  perfect 
/JvtMjoni  of  movement  to  the  colunm  of  fluid  ;  about  half  an  inch 
"I  Ixire  will  answer.  The  instrument  should  be  gently  tapped 
to  Tpvu  Iho  lluid  frum  adhering  tu  tho  glass  ivhcuevor  a  reading 
■*  t»>adc. 

Sih.  In  tubes  that  are  less  than  eight-tenths  of  an  inch  iu 
'"^•^,  there  is  a  eertuin  error  caused  by  capillarilv.  This  error 
*''**itH  uccnnlittg  as  the  lust  movement  of  the  fluicl  was  upvvards 
or  <ioivnwai-ds.  Tables  for  the  correction  of  tliese  may  be  ob- 
j^Mcd  from  special  works  on  the  subject.  'I'hcy  may  3)e  avoided 
'*J   the  u»e  of  a  tube  with  an  interior  diameter  greater  than  that 

'"tMlIuHn-d. 

I II  the  F^iphnu  barometer  of  Gay-Lussae,  the  long  and  short 
^r**!.  being  of  the  same  diameter,  the  errors  on  the  two  sides 
"eu.fly  comilerbalanco  each  other.  A  sllglit  error,  however, 
•Wll  reniaius.  In  one  arm  the  movemetit  has  been  upwards, 
***<^  in  the  other  downvvarda;  consequently  the  curve  of  the 
"Offape  nf  the  iricrenry  in  the  two  is  not  exactly  the  same. 

*Jtli.  Tem|wi-ature,  by  expanding  and  contracting  the  volume 
"'  tnereiiry.  changes  its  specitie  gravity.  This  is  met  hy  cor- 
t^'^^tiiig  all  Imrometric  readings  to  tho  fi.ved  temperature  of 
^■2^F!'orO'>C. 


207  Barometric  Variations. — Thew  are  of  two  kinds.     1st. 

^^-iiuliir  or  liiurnal;  and  "241.  Irregular  or  accidental. 

The  iliurnal  variations  arc  best  marked  at  tho  equator.    They 
"«  produced  by  the  rotatioa  of  tho  earth  upon  its  axis,  wbontby 
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ODe  portion  of  the  atmosphere  after  another  is  heated  by  the 
rays  of  the  sun.  So  regular  are  these  variations  in  the  tropics 
that  the  barometer  serves  the  purpose  of  a  clock.  At  four  p.m. 
it  is  at  its  lowest ;  it  then  rises,  reaching  the  maximum  at  ten 
P.M.;  after  that  it  sinks,  reaching  the  minimum  at  four  a.h.;  it 
then  rises  again,  and  attains  the  second  maximum  at  ten  a.ii. 

The  accidental  variations  depend  on  seasons,  winds,  geo- 
graphical situation,  contour,  and  other  causes.  They  are  void 
of  regularity. 

From  the  equator  towards  the  poles,  barometric  rariations 
increase  both  in  amount  and  irregularity.  Rhythmic  changes 
which  are  the  rule  in  torrid  regions,  though  they  still  exist  in 
northern  climes,  are  so  masked  by  accidental  variations  that 
they  are  almost  undiscoverable.  At  the  equator  ordinary  varia- 
tions are  within  one-(iuarter  of  an  inch.  In  the  region  of  New 
York  State  the  limit  is  increased  to  an  inch  and  a  half,  and  at 
25  degrees  from  the  pole  it  reaches  two  and  a  half  inches. 

208.  Mean  Baromfctrie  He^ht. — From  what  has  been  said 
above,  it  is  evident  that  this  must  vary  for  each  region.  It  is 
usually  given  for  the  day,  month,  and  year. 

Mean  daily  height  is  obtained  by  adding  together  24  hourly 
variations  and  dividing  the  same  by  24. 

Mean  monthly  hright,  by  adding  together  the  above  for  a  month, 
and  dividing  by  the  number  of  days  in  the  month.  It  is  greater 
in  winter  than  in  summer. 

Mean  annual  height,  by  adding  together  the  preceding  for  one 
year,  and  dividing  by  12. 

At  the  equator  the  mean  annual  height  is  758  millimetres,  or 
28.84  inches.  Between  latitudes  30°  and  40",  it  attains  its  maxi- 
mum of  763  millimetres,  or  30.04  inches.  North  of  this  it  di- 
minishes. At  sea  level  the  general  mean  is  761  millimetres,  or 
29.96  inches. 

209.  Canse  of  Barometric  Tariatious. — Reviewing  the  account 
of  barometric  variations  at  the  equator  (207),  it  will  be  noticed 
that  at  the  hours  of  the  day  when  the  thermometer  is  the 
highest,  the  barometer  is  the  lowest,  and  vice  versa.  From  this 
it  is  evident  that  the  causes  of  these  variations  are  rarefaction  and 
condensation  of  the  air  by  changes  in  temperature.  Elevation 
of  iemperature  producing  expansion  of  air,  its  specific  gravity 
diminishes;  it  consequently  rises  and  overflowing  the  cooler 
portions  m  the  upper  regions  there  is  leas  air  by  weight  to 
press,  and  the  barometer  consequently  falls. 

The  air  which  has  overHowed  in  upper  regions  of  the  atmos- 
phere being  added  to  that  already  existing  in   the   region  to 
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wiiicfi  It   pnspes,  the   increiiscd    wcijfht    t-nnBea   n    nae 
biiriuDtitcr  in  these  locuiitiPB.     In  this  manner,  gigantic  aerial 

ibiUows  are  originated  in  the  u|<i>crmost  regions  of  ihc  atruoB- 
bbero,  which,  as  they  pass  across  contiuiMiie  and  oceans,  may 
|>e  traced  by  the  variations  they  prodnee  in  the  barometer,  and 
changuH  far  out  of  sight  prognosticated  and  their  approach 
lientlilcd. 
210.  Baromttric  Tariationi  and  the  Weather. — When  the  baroin- 
elcr  stands  at  ul>onl  '.l(\  iiiohi-^  in  Xow  York,  the  weather  is 
generally  fine;  if  it  rises  above  tliis,  the  certainty  of  tine  weather 
increascif:  if  it  falls  below,  the  probability  of  rainy  weather  is 
■jgrcater.  The  barometer  \s,  therefore,  capable  of  indicating  np- 
"proaching  chanT:ei!.  anil  for  this  reiison,  especially  whcTi  in  the 
farm  of  the  wheel  barometer,  is  caHcd  a  weather  glass. 

It  most  not  be  forgoUon  that  what  the  barometor  really  indi- 

calcti  is  the  changes  in  tlio  weight  of  tho  air.     Cliangc  whieh  is 

■ttcndcd  by  a  rise  in  the  barometer  is  generally  productive  of 

conditions  which  prevent  the  precipitation  of  moisture;  change, 

on  the  contrary,  which  is  attended  by  a  lowering  of  the  l»ar«m- 

eter  ii*  usnalty  favorable  to  this  precipitation.     It  by  no  means 

foHows  that  because  the   barometer  falls   it  will   surely   rain. 

The  best  that  can  be  said  is,  tliat  there  is  strong  probiibiiity  of 

rain.     The  tinal  result  is  largely  influenced  by  the  direction  of 

prcvnletit  winds.     Winds  which  come  from  over  the  surface  of 

vorm    oceans   are    laden    with   moisture,   and   with    a   falling 

barometer  presetit  ctniditions  most  favorable  for  rain  or  snow. 

Winds,  on  the  contrary,  wliich  eoine  over  extensive  areas  oi 

land,  are  apt  to  be  dry,  espeeially  if  they  have  surinonntcl  a 

innqntain  range.     Whether  the  barometer  be  high  or  low,  tho 

jteneral  tendency  of  such  winds  is  to  produce  fine  weather.     If 

thoy  are  attended  by  a  high  barometer,  the  weather  is  almost 

sure  to  be  tine. 

8U.  Barometer  and  the  Winds. — As  soon  as  an  area  of  dimin- 

t>b«l  prcsf^ure  is  cstaltlislied  in  any  locality,  the  air  of  regions 

in  the  vicinity  will  How  towards  it,  and  currents  will  thus  be 

liiilicd.    These  movements  are  called  winds.    The  direction 

It  wind  indicates  the  positions  of  places  nt  which  different 
atiDMphertc  preasni-es  are  prevailing.  A  barometer,  therefore, 
ool  only  acts  as  a  gauge  of  pressure  of  tho  atmosphere,  but  also 
*•  a  wind  gauge. 

SopiKWo  a  difl'erence  of  one-tenth  of  an  inch  in  pressure  at 
Iwo  oiiscrvatories.  tnie  hundreil  miles  apart.  If  a  series  o( 
•*<iticMji  were  established  between  the«e,  and  barometers  ex- 
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amiued  at  each,  it  would  be  found  that  their  altitudes  when 
mapped  Avould  form  a  curved  line,  extending  from  one  oWrva- 
tory  to  the  other.  To  this  modern  meteorologists  have  given 
the  name  of  the  barometric  gradient.  Air  flows  down  this  gradient, 
and  thus  wind  is  produced.  If  this  gradient  is  moderate,  a  gentle 
breeze  arises;  if  it  is  steep,  the  resultant  wind  is  strong. 

From  the  above  facts  it  is  evident  that  but  little  informatiou 
can  be  derived  from  observations  made  with  a  single  barometer. 
Valuable  results  are  only  to  be  obtained  by  numerous  poiutBof 
observations  extended  over  great  areas. 

Many  causes  beside  that  of  gradients  intervene  to  modify  the 
character  and  course  of  a  wind.  Among  these  are  rotation  of 
the  earth,  also  the  course  of  mountain  ranges,  rivers,  and 
valleys.  When  we  add  the  size  and  shape  of  areas  of  high  and 
low  pressure,  we  can  form  some  conception  of  the  difiicultj  of 
collating  so  many  varying  data,  and  making  an  intelligent  fore- 
cast of  winds  and  weather. 

A  singular  fact  in  connection  with  the  influx  of  air  towards  a 
region  of  low  pressure,  is  its  tendency  to  assume  a  vertical  or 
whirling  motion.  Even  on  a  small  scale  this  tendency  exists, 
as  we  have  all  seen  in  the  whirling  wind  with  which,  on  the 
approach  of  a  thunderstorm,  particles  of  paper,  shavings,  and 
dust  are  often  carried  to  coneiderable  altitudes.  On  a  great 
scale  such  whirling  storms  constitute  the  tornadoes,  whirlwinds, 
hurricanes,  and  cyclones  of  the  tropics. 

212.  Barometer  and  the  DeathRate.  —The  relations  of  barometric 
indications  to  diseases  and  the  death  rate  have  not  yet  received 
that  attention  from  physicians  which  their  importance  demands. 
One  of  the  leading  hygienic  factors  is  the  proper  maintenance 
of  exhalation  of  vapor  of  water  together  Avith  other  gaseous  or 
vaporous  substances  from  the  skin  and  mucous  surface  of  the 
lungs.  Anything  which  tends  to  lower  the  capacity  of  the  air 
for  moisture,  or  causes  its  dew-point  and  temjierature  to  ap- 
proach, must  in  the  nature  of  things  interfere  with  the  facility 
with  which  vaporization  takes  place  from  both  skin  and  lungs. 
The  action  of  these  great  excretory  organs  being  interfered 
with,  certain  noxious  products  of  the  economy  are  not  properly 
eliminated.  They,  therefore,  either  accumulate  in  the  system 
and  produce  blood-poisoning,  or  the  attempt  is  made  to  cast 
them  out  through  some  other  channel.  Tlie  organ  which  is 
thus  forced  into  vicarious  action,  resents  the  imposition,  and  in- 
flammation is  the  consequence. 

We  have  seen  that  a  lowering  of  the  mercury  in  the  barometer 
is  attended  by  a  preciiiitation  of  moisture.  The  conditions  of 
which  we  have  just  been  speaking  are,  therefore,  present;  inter- 
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ference  tn  a  trrt'ater  or  lesa  cxtont  with  the  functions  of  tho 
iy*u-ni  niiist  follow.  To  persons  who  aro  alrou'ly  ciifytjlilfd  l»y 
jinMriu:tt'il  (liKcase,  or  who  arc  still  Htni^arlini;  wtili  «nm«  fearful 
itiHuitimuiion,  u  sudden  lull  in  the  haronicter  nxAy  bring  dta- 
Aftlh^us  cutii<ci|iieiiccs.  IlitU  the  pbysiuian  buun  forewuriied  of 
an  approaching  chans^,  he  niiErht  have  betMi  able  to  meet  il 
bv  suitable  remedies,  and  aidud  his  jmtient  to  tide  over  the 
crivis.  It,  tlicrufurc,  apitoars  to  be  both  wi^e  and  proper  t)iat 
more  attention  tilutnid  bo  paiil  to  this  sulijcc-t.  If  physicians 
wouM  supply  thcniHclvcB  with  tbe»c  itD^tnnnciil?,  and  make  even 
a  passing  study  of  thcii'  relations  to  disease,  fewer  miAtnkes  in 
pMpioftis  would  he  ninde,  and  many  a  one  who  otherwise 
mnoB  away  without  warniug,  would  bo  cnubled  to  set  his  house 
m  order. 


ClIAFTKU    XV. 

MEASDKEMEiiT  OF  I'KESSCRES  A\l»  ALTITUOBS 

ivfW*  or  Mftriutlv'i  Uw— Op«n  couipTcwiou  tnnnoiiieter — Clocod  oompmaion 
inanuntetor —  Ecliaufittnn  mnnnnictvr— £<[Uiiliiy  cnaaocneter — Kxb«u*tIon 
vatrr-i'alvo — Ahor<<i<i> — ]>i-tcniii<iiitlan  of  ukUude  1>y  aneroid  »t  liaroTneler 
^Brrtrr  in  t>arr>nivtric  deli^rniinutioti  of  nlliilldc— Th«  buroniclcr  in  luiii«— 
Pn«nir»tiiMl»nliil>iIit;areii«ei — Thr  Wiiidmin — Coavcjanc^of  gAiini  by»ir. 


213.  Boyle'i  or  Mariotte's  Law. — We  have  seen  that  the  ba- 
ronu^ter  i«  (•s--Juiiiiully  an  ih^trunicnt  for  nieasurenient  of  prcs- 
•ure,  but  its  indicalioim  are  limited  to  one  atmosphere,  or  about 
BHeen  pounds  to  the  square  inch.  It  is  ni^cn  necessary  that 
presenree  surpa^ing  this,  eometimes  even  a  hundred-fold,  should 
be  deiermined;  for  tliis  purpose  various  kinds  of  maTiometers, 
M  they  are  culled,  have  been  contrived.  They  depend  upon  a 
^neral  law  of  the  expati&iou  and  contraction  of  gases,  or  on 
tlie  action  of  spring. 

Boylo'fl  or  Mariotte's  law  deals  with  the  compressibility  of 
sue*.  It  wus  discovered  by  Boyle  in  1662,  and  passes  under 
oift  name  in  Enwland.  In  1*J7I>  it  was  discovered  indcpendenlW 
by  Muriotte.  and  is  known  as  Ids  law  on  the  Conlincnl,  \Ve 
tittvc  seen  (160)  how  the  volunio  of  this  form  of  umtter  chaiigefl 
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under  variations  of  pressure.    To  measure  these  changes,  Boyle 
contrived  the  apparatus  represented  in  Fig.  82.     It  consista  of  a 

stout  tube  about  four  feet  in  length, 
hermetically  sealed  at  one  end,  open 
at  the  other.    It  is  bent  so  that  the 
closed  extremity  forms  the  short  arm. 
When  it  is  to  be  used  sufficient 
mercury  is  poured  into  the  bend  to 
fill  it  to  the  zero  of  each  scale.    A 
column  of  air  is  thus  confined  be- 
tween the  surface  of  the  mercury 
in  the  short  tube,  and  the  closed  ex- 
tremity of  the  tube.     When   more 
mercury  is  poured  into  the  long  arm, 
pressure  is  brought  to  bear  upon  the 
mercury  in  the  bend,  and  so  upon 
the   short   column    of  air.      As  the 
mercury  in  the  long  arm  rises  inch 
by  inch,   Fig.  83,  shrinkage   takes 
place  in  the  length  of  the  column  of 
air  in  the  short  arm.     At  last  when 
the  column  of  mercury  in  the  long 
tube  A  B  has  reachetl  an  altitude, 
A,  of  30  inches  above  that  in  the 
short  arm,  the  air  in  the  latter  is  submitted  to  a  pressure  of  one 
atmosphere,  and  will   be  found  to  have  diminished  to  one-half 
its  first  volume,  aa  at  0. 

At  the  commencement  of  the  experiment  the  column  of  air 
in  the  short  arm  was  already  under  the  pressure  of  the  normal 
atmosphere ;  addition  of  an  atmosphere  of  pressure  exerted  by 
the  column  of  mercury  increases  it  to  a  pressure  of  two  at- 
mospheres. We,  therefore,  learn  that  by  doubling  the  pressure 
on  a  gas  it  shrinks  to  half  its  volume.  If  the  length  of  the 
long  arm  is  sutHcieiitly  increased,  and  atmosphere  after  atmos- 
phere of  pressure  added,  the  shrinkage  of  the  column  of  air 
continues  at  a  ti.\od  rate.  With  three  atmospheres  of  pressure 
it  is  one-third ;  ten  atmosplieres,  one-tenth  of  the  original 
volume.  This  rate  of  contraction  has  been  verified  by  Dulong 
and  Petit  up  to  twenty-seven  atmospheres. 

From  the  account  given,  the  law  of  tlie  volume  of  gases  may 
be  briefly  stated  as  follows :  The  /empirafure  remaiv'mg  unchfinf/nl. 
Ike  volume  of  a  stated  i/'umtiti/  oj'agas  is  iturrseb/  as  the  pressure. 

For  pressures  less  than  one  atmosphere  the  law  also  holds 
good.  Diminution  of  the  pressure  to  one-half,  the  volume  is 
doubled;  to  one-tenth,  the  volume  i^'  ten-fold,  and  so  on.  The 
experimental  demonstration  of  this  fact  may  be  obtained  by  the 


oppiirntus,  Kill-  84.     H  C  is  a  deep,  wide  gliiss  Pi.j   m. 

tulii'   with  t\  I'linnel-ltkc   nioiith  nbovu.      Tliu 

tube  nnil  funnel  are  filled  with  nierciiry  In  the 

line  indicated  iit  B.     In  the  merciirv  of  this 

deep  piieuniutie  trough  n  luhulur  hell-jiir.  A, 

is  inimorKpd.     In  tliiif  lube  holl  a  cohiiiiii  of  tiir 

of  known    length   is    enclosed.      Wlioii   the 

niureury  is  at  the  8ume  level  in  the  tube,  im^l 

ill  the  pneumatic  cistern,  the  uir  in  A  is  under 

ft  pre&sure  of  one  atniosphero.     If  the  tube  is 

mifted  so  that  there  is  a  dltfi^ronce  of  l.i  inches 

bvtwecn  the  level  of  the  mercury  in  it  imd  in 

the  tube  trough,  the  pressure  on  the  iiir  in  the 

lube  receiver  will  be  reduced  to  one  half,  iind 

Ibe  eolunin  of  air  will  be  double  the  length  it 

iiadprt'viouBlv. 
While  the  law  of  Boyle  is  sufficiontl}-  exact 

for  all  ordinary  purposes,  it   is  not  absolutely 

tnie.      Desprelz    found    that    wlien   examined 

»id«  by  side  in   tubes*  wxprjjied  to  exactly  the 

<nruecondtliutiB,carbuiiicuctdgiiH,£iu]pliu  retted 

liydrogvn,  ammonia,  i^od  cyflnogen,  were  more 

Miur>re«*iblu  than  air.     Up  to  1.^  atmnspherea,  hydrogen  follows 

die  law  for  air;  beyond  that  it  is  lewi  eonipreasible.     Everi  for 

*ir  the  law  is  not  absolute,  for  Cailletet  lia«  ex- 

■fiiined  it  up  to  (>CH)  ntnnmpheres  of  prettj^uro, 

*nrl  finds  that  up  to  80  atmospheres  it  hns  a 

■TiAxitnuni  relativu  con)]>re!wibitity  ;  afler  that  it 

liecomes  lera  compresaihlc,  the  eompressiliiilty 

<)iniiniflhing  more  rapidly  than  in  the  case  of 

hy*in'f£en. 

As  a  rule,  nil  gaaea  devinte  from  the  law  as 
tUer  approach  their  point  of  Iiquefucti4ni.  The 
greater  thi-  distance  from  this  point,  the  more 
rIoHely  do  they  follow  the  law. 

211  Open   Compression    Manometer. — In    its         ^^wc  L. 

•iln|ile(»t  foiru  this  iiij^lrunieiit  consists  of  a 
"*>ti|('nrreBervoir,  A, nearly  iilled  with  mercury, 
■'I'i  tightly  cl(>9ed  by  a  screw  stopper.  Through 
I'""  tbu  tube  IJ  pasftea.  It  is  over  ft  feet  in 
letipth,  open  at  both  ends,  nnd  dips  into  the 

|nerci)ry.   nearly  loiichinjr  the  bottom  of  the 

iKnii^.      A  Becond  tube,  (.\  passes  Ihrongh  the 

^"'"  of  the  hnttle:  this  is  to  be  connected  with  the  boiler  or 

***l>er«pparntua  in  which  the  guB  or  vapor  is  generated.   Through 
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the  tube  C  the  gas  exerts  its  elastic  force  upon  the  surface  of  the 
mercury  in  the  bottle.  The  mercury  is  consequently  pushed  up 
the  tube  B,  and  continues  to  rise  until  the  column  of  fluid 
balances  the  pressure  exerted  by  the  gas  or  vapor.  The  height 
of  the  column  is  then  read  off  in  inches  of  mercury,  or  it  may 
be  given  in  atmospheres  or  fractions  thereof.  It  may  alao  be 
expressed  in  pounds  to  the  square  inch.  This  form  can  only  be 
used  for  moderate  pressures,  the  great  length  of  tube  required  for 
high  pressures  rendering  it  too  iuconvcnicnt  for  practical  use. 

215.  Closed  Compreasion  Hanometer. — A  simple  form  of  this 
instrument  is  represented  in  Fig.  HH.  It  consists  of  a  thick 
glass  tube  of  uniform  diameter  closed  at  one 
end  and  bent  as  at  A,  B,  C.  The  bend  is  tilled 
with  mercury.  The  space  A  is  filled  with  air. 
The  stopcock  C  is  connected  with  the  apparatus 
in  which  the  pressure  is  generated. 

As  the  pressure  in  the  generator,  a  steam 
boiler  for  example,  increases,  the  column  of  air 
A  diminishes.      When,  according   to  Boyle's 
law,  it  has  reached  one-half  its  original  length, 
tlie  pressure  is  one  atmosphere  in  addition  to 
the  air  pressure,  and  so  one  to  one-tenth  for  ten 
atmospheres,  and  one-hundredth  for  one  hun- 
dred.    Since   the   increase   in   pressure  in  the 
boiler  is  partly  counterpoised  by  the  increasing  weight  in   the 
column  of  mercury  that  attends  its  increase  in  height,  the  error 
that  is  thus  introduced  must  be  corrected.     This  is 
a  mere  matter  of  calculation,  and  is  best  done  in 
the  preparation  of  tlie  scale  whicli  is  attached  to  the 
instrument,  and  by   which  its  indications  are  ob- 
served. 

216.  Exhaustion   Manometers. — For  the   measure- 
ment of  i>erfeotion  of  a  vacuum,  any  of  the  forms 
of  barometer  we  have  described  will  answer.     In 
practice,  however,  it  is  found   tliat  the   mercurial 
barometer  is  very  inconvenient  on  account  of  its 
length  and  fragihty.     To  avoid  these  objections  the 
adjoining  contrivance,  or  exhaustion  gauge,  is  em- 
ployed.    It    consists  of  a  tube  closed  at  A,  and 
open  at  K.     The  arm  B  D  is  filled  with  mercury, 
Eihaintioa       ^^^  ''^^^  ""'^  moistuTc  bciiig  carefullv  cxpellcd.     The 
manuniBtor.       height  of  the  apparatus  is  about  eight  or  ten  inches. 
The  tube  is  attached  to  a  seate,  and  both  are  en- 
closed in  a  stout  glass  cylinder  fitted  into  a  brass  cap  below  by 
which  it  may  be  attached  to  an  air-pump,  vacuum  pan,  or  other 
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apptinitiis,  in  which  the  perfection  of  the  exhaustion  is  to  bo 
jui.aeurcJ. 

■  The  worktnif  of  Ihc  instruniont  is  as  follows.  The  lop  of  (he 
*toIamn  of  mercury  in  A  havinjr  an  allitncic  of  oipbt  inches 
ahovu  iht>  level  of  (hat  fluid  in  D,  when  the  Exhaustion  fulls 
bcjiiw  fight  inches  of  niuiTury  in  the  hnronieter,  the  merciir}' 
at  A  iK'gina  to  leuve  the  top  of  the  tuhe.  The  exluiiistion  being 
pushet]  it  fuHs  lower  atitj  lower,  until  when  u  perfect  vaeuitfu 
ifl  approached  it  stnnd*  at  very  luarl}-  the  same  level  in  both 
ami8  of  the  tube.  If  tho  gaujfc  has  been  perfectly  freed  from 
air  and  moisture  when  the  mercury  waa  introduced,  the  level 
D  will  never  fall  exactly  as  low  as  Ilmt  in  1).  If  it  dots  fall  ae 
low,  »»r  even  lower,  it  shows  that  the  cotislriielinn  of  the  iiistru- 
nieni  is  not  |>erfc<.t.  Intermediate  iircssures  between  8  inches 
■nd  a  vucQunitUre  indicated  by  the  dittereuce-between  the  IcvcIb 
'  tho  mercury  of  the  two  arms. 

217.  Equality  Hanometer. — It   ofren   happens  that  in   physio- 
DgicaJ  iiiijuirics  it  is  n*cessary  to  know  whether  the  contents  of 

uir-chaniher  or  hell  are  under  llie  same 

iiresituro  as  the  then  prevailing  atmofipherie  Km.  R8. 

proMure.     TItis  h  determined  by  a  gauge  of  ^ 

the   form    reprcHenlcd   at  A  B  C  D.     It   is   a 

tulte  open  at  hoih  cnrlsand  hent  in  the  manner 
khown.     The  cMreniity  1>  is  ittlachcd  to  the   . 
lehamhiT  or  air-hell.     Tiie  l>eiid  ib  tilled  to  the 

height  IJ  C  with  mercury,  water,  or  other,  ac- 
cording as  greater  delicacy  i«  ret^itircO.     Thu  g 
pboath   A  otl'ering  free  eunnnutiiealioti   with 

the  air.  any  increase  in   pressure  in   the  jar 

over  that  of  the  air.  will   be  shown   hy  a  riee 

the  fluid  above  B,  any  decrease  by  its  fall.       k-iiuoiij  ui«»iDrt*r. 

218.  Exhaustion  Water-valve. — In  the  preparation  of  solutions 
ammoniacal  and  other  gases,  in  water,  and  also  in  washing 
SB,  it  not  unfrequcntly  happens  that  pat  tial  vacua  are  suddenly 

formed  in  some   part,  of  tlie  apparatus,  atid   the  contents  of  a 

ruhitig  botlle  or  the  freshly  formed  solution  ts  drawn  into 

lother  part  of  the  appamtUH  and  lost. 
To  illustrate  this  let  A.  Kig  89,  represent  u  flask  in  which 

(iimonia  gab  is  iu  process  of  generntiun  from  aqua  ammonire. 
is  Hupplu-d  with  a  wifely  Inhe  B,  which  is  open  at  both  ends 

id  dip*  below  the  surface  of  tho  rKpiid  A.  The  gas,  as  it  is 
eeneruled.  cannot  escape  up  this  tube,  for  its  mouth  is  cloned  hy 
liquid.  It,  therefore,  passes  by  the  tube  C  to  the  bottom  of  the 
three-necked  botlle,  and  hubbies  through  the  water  D  contained 

lerein.     Any   portions  that   escape   solution    in    I),  pass  out 
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through  the  escape  tuhe  F  into  a  second   bottle,  and  60  on 
through  a  train  of  half  a  dozen  or  more.     Each  of  these  bottles 

is  provided  with  a  safety  tube£ 
open  at  both  ends,  and  dipping  a 
short  distance  ander  the  fluid  it 
contains. 

Let  us  suppose  that  from  mj 
cause  the  space  above  the  water 
in    the    bottle    D    becomes  ex- 
hausted, the  tendency  would  be 
to  draw  water  from  the  next  bot- 
tle through  F,  and  so  injure  the 
solution  already   formed.    This, 
however,  does  not  happen,  for  the 
moment  the  exhaustion  reaches 
a  certain  point  air  rushes  down 
the  tube  E,  and  any  further  in- 
crease of  vacuum  is  prevented. 
In  like  manner  formation  of  a  vacuum  in  the  fiask  A  is  im- 
mediately checked  by  an  ingress  of  air  through  its  safety  tuhe 
B,  and  loss  of  any  part  of  the  solution  already  formed  in  D 
prevented. 

In  the  preparation  of  oxygen  and  protoxide  of  nitrogen  for 
the  purposes  of  respiration,  careful  purification  of  these  gases 
by  washing  them  with  various  solutions  is  indispensable.  Each 
bottle  in  the  series  should  be  provided  with  safety  tubes  like 
those  represented. 

219.  Aneroids. — These  are  instruments  for  the  measurement 
of  pressure,  and  having  an  appearance  similar  to  that  of  a  watch 
with  its  graduated  face  and  hands.  They  vary  in  size  from  that 
of  a  lady's  watch  to  that  of  an  ordinary  clock.  They  derive  their 
name  fromn,  without,  and  i-'/o-k  moisture,  indicating  the  fact  that 
liquid  does  not  enter  into  their  construction.  They  are  of  two 
kinds,  the  first  for  the  measurement  of  pressures  beyond  that 
of  the  atTuospliere,  the  otlier  for  those  that  are  less;  the  latter 
is  called  tlie  aneroid  barometer. 

The  uneroiil  barometer  consists  of  a  metallic  drum,  the  heads 
of  which  are  made  of  very  thin  corrugated  metal.  The  interior 
of  the  drum  is  exhausted;  the  heads  are  consequently  forced 
inwards  by  the  pressure  of  the  air  on  the  outside.  Any  diminu- 
tion in  this  pressure  causes  the  drum  heads  to  recede  from  each 
other,  partly  by  the  elasticity  of  the  corrugated  metal,  and  partly 
by  the  action  of  a  spring.  Any  increase  of  pressure,  on  the 
contrary,  causes  them  to  approach.  By  means  of  a  delicate 
system  of  levers,  these  movements  are  multiplied  and  brought 
to  act  upon  the  hands,  just  as  in  a  watch  the  movements  of  the 
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Uflin  ^rlng  are  by  a  series  of  wheels  brought  to  bear  upon  its 
bflitds. 

Inetrtinieiita  of  thie  (k'scription  are  t-nnstructcil    b_v  (Taaella 
which   |Kis8Cfi3    marvellous   dulk-flcy.      Their   portability   gives 


(hem  a  great  advantage  over  the  mercurial  barometer.     The 


|fi. 

Bonly  Hifliculty  is,  that  the  mnliiplying  inndiincry  is  liable  to 
^WGt  oDt  of  order;  hence  it  ir  neccri^ftary  to  compare  their  indi* 
Kcuti(>ii!<  from  time  to  time  with  tbut^e  of  a  good  barometer. 
"ivspecially  are  they  apt  to  give  false  indications  wlien  they 
have  been  sobmitted  to  sudden  and  nnaccustomed  cliangoB  ot 
_  prcKSure. 

■  By  reversing  the  construction  of  the  aneroid  barometer,  and 
Hiidmitting  gas  or  vapor  to  the  interior  so  tliat  it  may  exert  iti> 
H-«lastic  force  therein,  the  instrument  is  converted  into  a  gauge 
m  for  tnea8Urvn)ent  oft-'ompretision  or  L-undensatiou.  In  this  fonti 
H  it  Is  now  found  attut-hed  to  steam  boilers,  and  may  be  said  tu 
H  lie  the  onlinary  steam-gauge. 

220.  Determination  of  Altitude  by  Aneroid  or  Barometer. — 'I'lic 
experiment  of  Pascal  dcnionstraicil  not  only  the  poinl  of  wbiuli 
he  sought  proof,  viz.,  (liat  a.ir  exerted  ])reft«ure,  but  also,  that  tlie 
higher  a  barometer  wan  taken  altovo  the  tiurfaceof  the  earth  the 
bwur  did  itu  mercury  stand.  This  titet  offers  a  inuthod  by 
which  the  altitude  of  a  mountain,  and  even  of  lesser  elevaiions 
mav  be  determined. 

fn  examining  the  extent  to  which  the  barometer  might  be 
used  for  this  purpose,  one  of  these  instruments  waa  carried  from 
ihe  level  of  the  water  lu  the  Thames  to  the  top  of  St.  Paul's 
<*atheilral.  The  mercury  fell  nearly  half  an  inch,  the  ascent 
b»'ing  450  feet.  On  the  summit  of  lilt,  Blanc  the  fall  is  titUen 
inches  the  elevation  being  about  15,4J4JG  feet :  from  this  it  follows 
iliftL  one-lmlf  of  Ibe  whole  wuight  of  our  atmosphere  is  em- 
braced  in  a  layer  about  three  iind  one-hftif  milt-t*  thick  on  the 
stirfiice  of  the  glol>e. 

In  estimating  the  height  of  a  mountain  by  Imronieter,  observa- 
tions should  bo  made  at  tho  hnw.  and  the  summit  at  (he  same 
lime,  ("orrcetions  must  be  made  for  the  effects  of  tempera- 
ture on  the  two  columnn  of  mercury,  and  also  for  diflercncett  in 
gravity. 

Bv  the  iiflc  of  the  aneroid  barometer  for  this  purpose  many 
of  tbe  errors  which  arise  with  the  mercurial  barometer  may  Ih: 
avoided.  The  facility  of  conveyance  is  aliio  an  especial  advantage 
wliich  the  aneroid  enjo}**. 

S21.  Errors  in  Barometric  Seterminationt  of  Altitude. — These 
bare  umounlcd  to  as  much  as  one-twenty-third  of  the  whole 
height.    Ruhlmaii  bus  shown  that  the  cause  of  this  error  is  that 
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tlie  mean  of  tbo  tom{>oratiire  at  the  two  stations,  as  indicated  bf 
tlicrnuinictcrfl,  wod  not  t]io  actual  mean  of  Icmpcraiarc  of  ibe 
ftir  liEitvveirii  tliOHO  Atations.  ^ 

Tliut  tliL-rinoinumrs  <lt)  not  p\ve  ttic  true  temperatare  of  th«  H 
air  is  owing  to  the  fiict  ihat  ilieir  inilit-atione  are  aftl'cted  by  ~ 
radiations  troni  tlie  eartlt  an«l  from  olyvcts  in  their  vicinity.  lb 
tho  management  of  inetcorologieul  obscrvutiuus  more  altcutioTt 
shoulil  be  paid  to  this  fucU 
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282.  Barometer  in  Xinss. — An  aocent  ahove  the  earth's  tmrfuce 
prodiK'ut)  u  l;ill  ill  tliu  I'lit'oui^ler.  so  a  descent  beneath  ilit  »ur- 
taue  prodni'us   an    increano    in    iha   allilnde   of    the    niereiirial 
colunni.     Variations  in  the  barometer  in  coal  mines  hi  which  _ 
jJr«-c/rt/?»/j  or  carburet  ted  h>ilroften  escapes,  are  of  especial  vuluetofl 
the  miner,  since  they  atHird  him  tlic  means  of  knowing  whether 
this  liimijei'ons  gas  is  escaping  from  the  crevices  in  which  it  is 
conlincd.     When  tlic  preKKiiro  of  tlie  air  is  high,  carburctted 
hydmgen  is  forced  back  into  the  crannies  in  which  it  is  gen- 
erated.    When    the  pressure  falU,  it  then  by  its  elastic  furc^fl 
pressei)  its  way  out,  escaiies  from  il8  hiding  places  and  becom-" 
ing  mingled  with  the  air  of  the  mine,  foi-ins  therewith  a  dan- 
gerous explosive  mixture.     It  also  uxerls  a  poisonous  action  on 
the  systems  of  tliosc  who  arc  obligeil  to   breathe  it,  and  ia, 
ttierefore,  doubly  dangerous  and  objectionable.  fl 

223.  Pressure  and  Solubility  of  Gasea. — Vlaccaglass  containing 
cool  iVesiily  drawn  water  under  au  air-pump  bell  and  throw  tbe 
l)uiiip  into  iiciion.  Aa  tlie  preftsiiro  diminishes,  tho  water  will 
becon^e  milky  in  rtj-'pfaniiKe.  This  loss  of  transpnronoy  is  pro- 
dtiecd  by  the  fonnulion  of  myriads  of  minute  bubbles  of  air  or 
water  gaa,  which  the  water  held  in  solution  at  the  ordinary 
pressure,  but  which  it  was  unnbic  to  retain  when  the  prcssui 
fell. 

Reversing  tlie  above  experiment  and  exposing  water  to  a 
under  pressure,  it  is  fomul  ilnil  it  uikes  up  a  larger  proporll 
of  gu9  than  at  the  ordinary  utmosphcrie   prcrtsnre.    This  fact 
lies  at  tho  btisis  of   (be  explimiition   of  tlie  formation  of  all 
natural  and  urtiJicial  etlervescing  Mutersaa  well  iisof  efterveacing 
winea.     As  might  bo  expected,  the  amount  of  gns  a  fluid  wil^ 
hold  in  solution  is  detcrtuineil  by  Mariutte's  law.  f 

As  un  example  of  llie  facts  in  question,  we  find  that  at  ordi- 
nary pressures  and  tempeiatures  water  will  hold  about  its  own 
bulk  of  carbonic  acid  gas  in  solution.  If  the  gas  is  freely  sup- 
plied at  a  pressure  of,  say,  four  atmoBpheres,  and  the  solvent 
action  of  the  water  promoted  by  gentle  agitation,  the  water  will 
take  up  the  same  bulk  of  gas  as  before,  but  this  gas  will  be 
denser  Lhuii  in  the  preceding  case,  and  there  will  really  be  four 
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riniCH  a»  uiUL'li  in  the  uutcr  us  wlic-n  tlio  liotutioti  v.a»  iiiudc  at 
r  ilie  onlinaiy  atniotnilicric  prt'fuuie.  Tliat  tins  is  tlie  explaiia- 
H^tm  is  shown  Uy  relieving  the  witter  from  pressure,  u-)ien  at 
^Kincw  it  surrcndera  its  exci'&ii  of  dibsulvcU  gas,  a  viulent  t-fler- 
Bvescencc  boin^  produced. 

Il  iswurtliv  nt'  nmiilion  that  wlieii  the  air  dissolved  in  water 
ie  rt-nioved  thi-relrom.  Uy  aulmnitiuir  it  to  thcadinn  of  a  vocuiim, 
it  n»siirrtci*  nil  iiisipi<!it_v  siniilnr  to  t hut  of  pure  distilled  water. 
When  it  hun  reguiiiwl  itsori^iiiul  BUpply  of  gas.  its  liavur  rut  urns. 
This  would  eeem  to  show  that  though  oxygi-n  is  geiierallji- stated 
to  be  uilhout  efl'cct  oii  the  ueiiee  uf  taste,  there  is  something  in 
coiiiiectiou  niih  its  itetioii  whii^h  etmblett  ns  to  detect  its  prcseiiee 
in  the  free  state  in  water,  or,  we  niight  better  any,  its  absence. 

221  The  Wmd-mill. — As  the  force  of  moving  water  is  applied 
a.  moior  in  various  kindti  of  water  wheels,  so  that  of  wind  is 
utilized  in  the  wind-mill.  Tim  lorrn  of  ii|>imrutus  is  e:ctenHively 
^<i>()kivcd  for  purposes  of  fh'uinage  in  Ilullniid.  It  is  also  used 
^iu  miltn  for  grinding  grain.  In  the  western  regions  of  the 
^^nited  States  it  is  applied  for  purposes  of  irrigation.  To  phjr- 
^Kcintis  it  is  of  interest  in  L-onnection  with  its  use  as  a  motor 
Hp>*  pumps  or  otlier  hydraulic  apparatus  employed  in  mising 
^tp^ter  or  removal  of  drainage  uikI  sewage. 

aS5  Conveyance  of  Qerma  by  Air. — In  closing  this  division  of 
"I*"  suhjeet,  we  dewire  to  add  a  few  woi'dfi  rt-parding  the  eonvey- 
>t2<;c  ot  germs  by  the  air.  If  pure  dislilleil  water  is  expofted 
^  »ir,  alter  a  while  it  is  found  to  contain  various  forms  of 
licroBcopic  beings,  some  of  which  belong  to  the  plant  and 
>nie  to  the  animal  kingdom.  For  long  it  was  a  matter  of 
^^Bimte  08  to  whether  these  were  pniduced  by  spanfantvus  gmrm- 
iiOn  or  were  conveyed  to  the  iluid  by  the  air  in  the  tbrni  of 
exct^dingly  minute  gernjs  or  spores,  it  is  clear  that  there  is  no 
imlf  way  between  the  two  theories. 
P  .After  innnmerable  experiments  it  is  now  generally  admitted 
■thai  the  floating  partides  in  air,  which  appear  to  us  as  the 
iiiotes  that  dance  in  the  sunbeam,  are  the  meuiuin  by  which  these 
Liportia  or  gerrns  are  carried.  It  Is  true  we  may  not  be  able  to 
oiscrover  the  germs  Ihenisolves  on  account  of  tlicir  niinutenesa, 
I  "Ut  of  their  presence  and  existence  there  can  be  no  doubt.  If 
■if  is  filtered,  by  ]>a»siug  it  slowly  through  a  long  column  of 
^'"ttdn  in  n  glass  tube,  and  then  uilmiiloii  to  a  Husk  contuining 
pure  WHtcr,  the  uppeiirnncc  of  vegciublc  and  animal  life  is 
fT'^aily  hindered  or  entirely  preveiitcil.  If,  at  the  same  time,  a 
M"'  in  (ho  imniediute  vicinity  is  sujtplied  with  air  at  the  same 
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rate  and  in  the  same  manner,  but  of  which  there  is  no  filtration, 
organized  beings  appear  in  the  usual  way. 

If  spores  and  germs  capable  of  initiating  constructive  cfaasgee 
which  result  in  the  production  of  organized  beings  can  be  so 
small  as  to  be  undiscoverable  even  hy  the  microscope ;  if,  more- 
over, such  germs  are  conveyed  by  the  air,  there  is  certainly 
nothing  objectionable  in  the  proposition  that  disease  germBmsj 
both  exist  and  be  conveyed  in  the  same  manner.  See  Sehizo- 
mycetes  (601  A).  It  is  scarcely  a  valid  objection  to  such  a 
theory,  that  disease  germs  may  be  supposed  not  to  have  any 
existence.  There  are  many  facts  which  show  that  they  do  exiit, 
and  that  in  some  cases,  at  least,  they  are  the  agents  of  retro- 
grade or  destructive  metamorphosis,  just  as  other  germs  are 
agents  of  constructive  metamorphosis. 

Many  diseases,  and  among  tliem  those  known  as  malarial,  are 
conveyed   by  winds  to   a   distance  from  the   place  of  genera- 
tion.    Not  infrequently  a  fringe  of  certain  trees  will   act  ae 
a  complete  barrier  to  the  passage  of  such  emanations.    Tk 
most  rational  explanation  of  such  a  fact  is  that  in  passing  among 
the  leaves  of  the  trees,  the  air  has  undergone  a  removal  or 
destruction  of  the  agent,  spore  or  otherwise,  which  originates 
malarial  trouble  in  the  body.     It  is  easy  to  imagine  that  m  this 
case  the  spore's  are  destroyed  or  paralyzed  hy  the  emanation  of 
the  plant  to  which  they  are  exposed  as  they  pass  among  its 
leaves.     Absence  of  malarial   disease  in    regions  occupiea  by 
terebinthine  or  pine  trees,  would  tend  to  show  that  the  result 
is  probably  owing  to  the  action  of  ozone. 

The  destruction  of  germs  attached  to  motes  in  the  air  may 
in  other  cases  be  very  difficult  of  accomplishment.  It  has  been 
found,  in  the  management  of  disinfectant  apparatus  attached  to 
quarantines,  that  a  temperature  of  212°  F.  or  the  boiling  of 
water  does  not  always  destroy  germ  life.  To  insure  this  result, 
a  temperature  of  250°  F.  or  even  higher  is  requisite.  This  may 
be  readily  attained  by  means  of  an  oven  or  by  high  pressure 
citeam.  In  all  cases  of  deatli  by  diseases  in  which  there  is  any 
probability  of  conveyance  by  germs,  the  physician  should  see  to 
it  that  all  articles  of  clothing  are  destroyed  or  at  least  submitted 
to  a  temperature  of  300°  F. 

The  dust  which  settlcH  on  the  walls  of  rooms  is  often  an 
unsuspected  agent  in  the  conveyance  of  disease  germs.  The 
passage  of  an  affected  person  nniy  have  lett  them  in  the  air. 
Tliey  have  thus  become  attachetl  to  tlie  floating  motes  and  so  to 
the  walls.  Here  they  may  remain  for  a  long  time,  until  by  some 
cause  they  become  detached  and,  gaining  entrance  to  a  human 
body,  initiate  the  peculiar  train  of  symptoms  which  they  are 
capable  of  producing.  A  thorough  cleansing  of  the  walls  of 
rooms  is  the  only  safeguard  against  this  source  of  infection.    The 
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^goml  that  i«  aocoriiplirtlied  Uy  siii'h  cU-aiisitig  is  shown  liy  the 

change  ill  (nior  of  a  room  atter  it  Inw  been  thorougbly  cleaned. 

With    iiKTrea.se    in    the   iieiietrative   and    iiiugnityin^   power 

of  iiiiLToscopes,  it  is  not  improbable  ihm  lig'ht  will  be  thrown  oil 

thin  queeliou  of  the  propagatiou  of  certain  diseases  hy  special 

rres  or  gorms.  In  connection  therewith,  we  may  mentioi;  a 
ice  which  offers  some  opportunity  of  entrapping  these 
objycta  for  examination.  Il  consista  of  an  aspinitor  (171)  by 
which  air  ih  drawn  ihnmgli  a  tube  whirli  is  loosely  packed 
with  tine  ^irun-cotton.  An  is  the  case  with  ordinary  cotton,  this 
entnL|}8  the  Houting  motes.  To  sepiinite  these  from  tlie  gun- 
cottou,  tlie  latter  is  dissolved  in  ether,  and  ft  very  dilute  collodion 
fttrinod  :  in  this  the  motes  sink  and  may  he  prepared  for  examina- 
tion under  the  microscope  in  the  usual  way. 


CIIAPTEK    XVI. 

PUYSIOLOUICAL  AMD  TIIEKAI'KUTICAL  KFFECTS  OP 
TABIATIONS  IX   DKNSITY  OF  AIR. 


l4>ti)|N«itii>n  of  MrKifl — Hinm»Klubio'— Divuiun*  of  |)bjDio1<>|;ii'«l  xflVota  nf  pr 
iiiM — T«n*l<xi  of  oxygvn  or<-th<!r  gn*  ra«|)ir«d— [limiituiion  of  [irpMiing  \mI 
•'iw  mniivpliTTO — Mai  d»  >I<>[iUiKiivd— Kympiomfi  of  Mid  il«t  Morit4gn»— 
Thooraiu*)  ««f>UriBlioni  of  Mul  d»  MociugniB — Tlwory  of  M.  Jourdanat— 
Ihlliam  «ifkiic<« — llcrt'i  nir«f»ctlan  ry lint) cm — Air  in  oavea — Deiilh  fruni 
(linilniilMd  Mtr  preuures— 1  ncreaio  of  prvuurv  Kbove  one  atmoephoro^Rcii* 
fintlon  »'f  pure  Q>yg«n — PhynMilogiml  nclion  of  inocl«niU>ti|-  cinidcntiid  nir 
— Artiirn  I'f  oajgK-n  under  high  Hfnsion— Oxygen  poiwnlng— IWutii.n  of 
KiiiriiMl  ttuura  lu  oxyf-cn — Licftih  ffom  Sncroiucd  preuiirc — Thcrapeulirvl 
»1T<v»  of  rMpirioft  oirKi-ii— -TherHiBfulifal  usen  of  compnttawl  nir —  llygit'nic 
tnnnngvtnonc  of  omjirnM"!  nii- — Itiipiiritiiw  in  pniitjir™»wl  »ir — KiTecto  of  do- 
c-DUi pnsiioti — NuKiro  ni)d  treitimt<ni  of  decoinpreuion  iwcidvntt — Rvlmtlun  of 
WnHDBtrifi  VMiatiom  to  natural  liiM>.>ry — bvrl'n  rfcuiii6  of  hteraults. 

.  "To  p1ac«  thii<  important  mutter  in  as  clear  a  light  as  possible 
*'  *«  necessary  i hat  we  tirst  Dxatnine  briefly  into  certain  characters 
•^f  the  blood,  the  chief  circulating  fluid  of  the  body. 

286.  ConpoBition  of  Blood. — In  all  the  higher  animals  blood 
^■Ohxiiiia  essentially  of  two  parts;  1st.  A  fluid  portion  called 
l^aunin,  composed  of  water,  albumen,  flbrin,  and  other  organic 
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bodies,  together  with  various  inorganic  salts.  2d.  Corposcles 
or  globules;  these  are  of  two  kinds,  white  and  red.  Wbite 
globules  are  th&  mother  cells  of  the  red  corpuscles,  aod  the 
latter  are  carriers  of  oxygen  from  the  lungs  to  the  system.  It 
is  with  the  latter  that  we  are  at  present  especially  concerned; 
their  composition,  according  to  condition,  is  as  follows. 

Wet  CorpuacUt.  Dry  Corpuadea. 

Water   .                 .     56.6  Hiemoglobin  .                 .  90.61 

Solids     .        .        .     48.5  Protei^ ....  8.67 

Lecithin          ...  .64 

100.0  Uboleaterin     ...  .26 


100.00 


227.  Heemoglobin. — The  chief  constituent  of  red  blood  cells 
may  be  readily  obtained  therefrom  by  breaking  up  the  cell  wall 
either  by  alternate  freezing  and  thawing,  or  by  addition  of  chlo- 
roform or  of  bile  salts.  In  some  creatures  it  is  crystalline  and  Id 
others  amorphous.  According  to  Hoppe-Seyler,  its  composition 
in  the  dog  is 

Carbon 53,86 

Hydrogen 7.82 

Nitrogen 16.17 

Oxvsen 21.84 

Siifpliur 0.3'.) 

ln>n    ....                   ....  0.43 

In  addition  there  is  about  3  or  4  per  cent,  of  water  of  crystalliza^ 
tion.  Besides  the  ordinary  elements  in  proteid  bodies,  hiemo-- 
globiu  contains  iron,  to  which  element  doubtless  its  special 
properties  are  due.  It  is  readily  soluble  in  warm  water,  the 
solution  having  u  bright  arterial  color.  Even  though  very 
dilute  this  solution  gives  a  characteristic  spectrum,  a  part  of 
the  red  and  the  greater  portion  of  the  blue  being  absorbed,  and 
two  strongly  marked  absorption  bands  appearing  between  the 
solar  lines  I>  and  E. 

When  crystals  or  solutions  of  hfemoglobin,  prepared  as  above, 
are  placed  in  the  vacuum  of  the  mercurial  air-pump  they  give 
oft"  a  definite  proportion  of  oxygen  gas,  viz.,  1.76  cubic  centi- 
metre per  gramme,  or  1.34  under  a  pressure  of  one  metre. 
This  oxygen  is  entirely  independent  of  that  entering  into  the 
composition  of  the  substance.  It  is  loosely  associated  with  it, 
and  may  l)e  added  to  or  diaeociated  therefrom  at  pleasure  with- 
out injury. 

The  associated  oxygen  of  hfcmoglobin  in  solution  may  be 
separated  by  other  means  than  the  vacuum;  among  these  are 
hydrogen,  other  gases,  and  various  reducing  agents  as  ammonium 
sulphide. 
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ITrpmoglohiii  wliii^h  lias  lost  its  a^isooiiitod  oxvgen,  loses  it« 
fright  Hcarlft  eolor,   thy  urystala    Ih;uoiiiu  durkur  and  of  a 
irple  tint,     Tbcy  are  hIbo  (licliroic,  the  thin  edges  appearing 
jen   and  the  thicker  parts  purple.    The  solution   eliows  a 
Iniilur  fhuHOT  of  hue.  passing  from  liglit  seiirlct  to  a  purplish 
~iret  tint  wiieu  examined  in  thiek  lu^er^,  but  green  when  in 
lin. 

The  cpoetrtini  of  reduced  hieinoglohin  is  entirely  different 
>iu  that  whiuh  caatniiitt  oxygen.  The  two  absorption  bands  ol 
the  latter  have  disappuared,  and  in  their  place  a  single  broader 
but  fainter  hand  ha^i  come  into  existence.  The  blue  also  suffers 
less  ah8or[itiou  by  reduced  bremoglobin  (tJaO). 

LWhen  reduet'd  hienidghdjin  is  exposed  to  osy^en  or  to  air 
iitaining  oxvgen,  it  immediately  absorbs  that  gas,  and  if  it  is 
present  in  sufneient  qtiantitv  takes  up  its  full  complement,  one 
tframmc  of  erystala  assoeiating  to  itself  1.34  o.  cm.  of  ojcygon. 
'  To  liffinioglobin  which  contains  associated  oxygen  the  nanieot 
ti/hcEmo^lobm  is  given.  Wljeii  this  lias  suffered  a  dissociation 
it«  OM'gen,  it  is  called  simple  or  reduced  haemoglobin. 
The  facts  wc  have  hereby  acquired  enable  us  to  comprehcTul 
le  role  which  the  red  corpuscleii  piny  as  carriers  of  oxj-gcn. 
i!beir  function  is  accomplished  by  virtue  of  their  htenioglooin. 
In  i.he  lungs  they  associate  oxygen  to  thcmsolves,  and  carrying 
it  into  the  innermost  parts  of  the  system,  it  is  there  dissociated 
by  virtue  of  the  looseness  with  wliieh  it  is  held.  Thus  uUcrn- 
ilely  the  corpuscles  iv«_*eive  and  surrender  oxygen,  and  tlie  de- 
ind  for  oxygen  by  tlie  system  is  supplied. 
In  a  similar  manner  hiemoglobin  combines  with  carbonic  acid, 
lis  caae,  however,  differs  esscTitially  from  that  of  oxygen,  for 
I'ith  the  latter  scarcely  any  of  the  gas  is  held  in  the  plasma, 
early  all  is  in  tlie  hiemoglobin.  In  the  case  of  carbonic  acid, 
tlie  contrary,  the  plasma  contains  as  large  a  per  cent  as  the 
>rpUBclea. 

DiTiiiooa  of  Fhysiolog'ical  Effects  of  PresBures. — TTndcr- 
lliig  the  agency  by  wliicii  oxygen  is  conveyed  into  the  in- 
rior  of  the  body,  we  are  prepflrc<l  to  examine  the  complex 
Tecta  of  variations  of  pressure  upon  this  oct  with  a  fair  degree 
"  intelligence,  and  with  some  prospect  of  arriving  at  a  correct 
)luiion  of  the  phenomena  which  present  themselves. 
For  sake  of  convenience  the  subject  may  be  studied  under 
fo  divisions: 

Ut.  Diminution  of  pressure  below  one  atmosphere.     * 
2d.  Increase  of  pressure  above  one  atmosphoi-e. 
For  the  facts  we  are  about  to  give,  acience  is  largely  indebted 
M.  Paul  llert,  from  whoso  work  on  "  IJarometrie  Pressures" 
I  have  made  the  abstract  presented  in  this  chapter.   The  impor- 
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Iindic.-;.  inL^ctlirr   ..i;  ,    .      ■  •  .        ,;  ilit*  field  it  opens,  caiinut 

or  <;li»lnilr<:   {\i->k-  ;.  ^ivc  thyir  attention  thereto. 
^jImIiuK's  iirr  l)i"    ;■ 
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is  witli  tin-  lattfi- :i,..  -work;  its  aigiiificunce  is  lioth 
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-n.-:    -il.  The  pressnro  in  atnuis- 
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-Lnflaac,  Glitit>)j(>r,  Burrull,  and  Bixie,  Buttered  but  little  at 
Ititudo  or  23.000  teet. 

"Uv  wniftt'j*  nl'  tliL^se  (iiffcriiiK^os  nro  niimorniis.     Oni!  fart  seems 

fft  Ik-- i.rcrtv  well  nmrlccd.  aiifJ  that  i«,  tlmt  the  peculiar  physio- 

[logicAl  cHl-cts  bc^iii  to  appuur  ubtjul  1700  feet  ubovu  the  litie  of 

lernul  buow.     Though  there  are  many  exeepttons  to  this,  yet 

lit  niny  l»e  sahj  that  the  more  elevated  the  line  of  snow,  the 

biirher  <ati  the  traveller  iiseeiid  wilhnut  sulternig  from  Mai  defl 

Moiiliij^iie«.     Much  (lepcndfl  upon  the  coiulitioii  of  the  jterson 

himself,  givat  ilittcrencc  appearing  in  ditfcrcnt  uecenta  of  the 

[aame  mountain,  though   he  Ib  not  ccinacioua  of  any   material 

MiSerence  in  hia  coiulitioii. 

232.  Symptoms  of  Hal  des  Uontagnea, — Digestion.  Very  little 
appetite,  one-third  or  one-fourth  the  usual  uiuount  of  food 
BatJHlit'H  hunger.  Thii'Kt,  dit^tastu  for  food,  and  even  for  its  sight 
and  odor;  insipidity  of  fluids,  naueen,  vomiting,  are  experienced 
bv  nearly  all.  Not  only  arc  i>hlegm  and  bile  tlirown  up.  but 
■Isn  blood,  and  the  irritability  of  the  stomach  is  eometimeB  bo 
great  rlmt  not  oven  a  teaspoonfu!  of  water  can  be  retained. 
Kucape  of  bile  into  the  intestine  duritij^  tlie  naroxysnis  of  vomit- 
ing brings  on  diarrhnon,  u'bicb  \^  aggravAtetl  by  the  intenfte  cold 
and  unavoidably  wet  feeU 

Reji{»raHo»  become-s  short,  frequent,  dilKcult,  and  interrupted. 
The  oppreiwion  in  tlie  ehest  ii?  often  attended  by  severe  pain. 
This  with  exaggerated  'fatigue  con-siitutes  generally  the  linst 
I'ridence  of  Mai  des  Montugnes.  Animals  suiter  equally  with 
mvn. 

QrrubUinn.  Accoleratinn  of  the  pulse,  though  not  so  frenuently 
mentioned  by  authors  as  the  rcBpiratory  and  dtgcfltivc  symptoms, 
b  neverthelesH  not  less  constant.  The  record  is  as  high  as  14(1 
and  150  br-ats  for  great  altitudes.  Acteleratian  of  the  juilse  ie 
nm  trannitory,  it  cfiritiiuies  throughout  the  siyourn  at  great 
elevaiioiih.  lifl  force  uIko  dimintsbeB,  it  becomes  irregular,  more 
oonipretukiblo,  and  smaller. 

The  veiiouR  syRtem  rIiowa  fulncBS  of  the  resBels,  congestion 
of  the  skin,  lips,  <(injunetiva.  Suddenly  these  aomctinieB  give 
to  a  deiitb-tike  pallur,  tnenacing  ^'yru'Ope  and  complete  losa 

con«ciouHnews.  To  tht«  (rain  (tf  Bymptonis  beniorrbagei*  fron* 
longs,  eyes,  lips.oars,  intestines,  and  kidney  are  occnaionally 
addod. 

LocDtmfhn.  One  of  the  earliest  si^ns  is  u  sense  of  extreme 
weight  in  the  lower  extremities,  a  fatigue  having  no  relation  to 
tlie  work  done.  The  slroageBt  and  moat  experienced  walkere 
can  only  lake  a  few  steps  at  a  time.  Not  tmly  walking,  but 
uiy  form  of  exercise  becomes  almost  impoi'sible. 
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Innervation.  Fearful  headache,  as  though  the  head  were  bouod 
in  a  fillet  of  steel ;  intellectual  depression ;  huzzin^  in  the  ears; 
dulncse  of  taste  and  smell;  Bometiraes  dimness  of  vision,  som- 
nolence, and  syncope. 

Aeronauts  experience  similar  Bjmptomf.  The  moral  feculties 
suffer  before  the  physical;  memory  ia  obscured;  the  manage- 
ment of  the  balloon  is  forgotten ;  the  members  fell  asleep.  At 
great  altitudes  insensibility  often  comes  on  suddenly. 

233.  Theoretical  Explanations  of  Hal  dea  Montages. — Of  these 
there  are  two  groups ;  one  presents  so  curious  a  list  of  absurdities 
that  we  quote  it.  The  other  deals  with  the  mechanical,  physical, 
and  chemical  effects  which  attend  changes  in  barometric  pres- 
sures. 

In  the  first  category  we  may  mention  pestilential  exhalations, 
electricity,  deficiency  of  oxygen,  fatigue,  cold,  diminution  of  the 
weight  supported  by  the  body,  escape  of  gas  from  the  blood, 
dilatation  of  intestinal  gas,  relaxation  of  the  hip-joint  (Hum- 
boldt), excess  of  carbonic  acid.  From  these  fanciful  explana- 
tions, we  turn  to  the 

234.  Theory  of  M.  Jourdanet,  who  reasoned  that  whatever 
might  be  the  affinity  of  blood  corpuscles  for  oxygen  during 
respiration,  it  was  evident  that  in  air  poor  in  oxygen  the 
amount  of  that  gas  taken  up  by  the  blood  would  be  less.  Id 
the  rarefied  atmospheres  of  mountains  there  is  less  weight  of 
oxygen  in  each  inspiration,  therefore  the  blood  is  not  so  rich  in 
that  gas  as  at  the  sea  level.  This  poverty  in  oxygen  is  exactly 
the  same  as  though  the  number  of  blood  corpuscles  was  re- 
duced, and  the  consequences  are  also  the  same.  An  ascension 
of  10,000  feet  gives  a  barometric  deoxygonation  of  the  blood, 
just  as  bloodletting  gives  a  corpuscular  deoxygenation,  and 
when  pushed  to  an  extreme  they  are  alike  fatal.  At  moderate 
altitudes,  like  the  great  Mexican  plateau,  the  diflerence  in  rich- 
ness in  oxygen  is  not  sufficient  to  attract  attention  under  ordi- 
nary conditions;  but  when  disease  attacks  the  people  of  these 
plateaus,  the  physician  quickly  recognizes  the  fact  that  it 
is  invariably  of  an  auEemic  type,  the  result  of  deficient  supply 
of  oxygon. 

235.  Balloon  Sickness  presents  the  same  symptoms  as  Mai  des 
Montagues.  It  comes  on  in  aeronauts  later  than  in  those  who 
ascend  mountains,  because  the  former  reserve  the  force  which 
the  latter  have  spent  in  making  the  ascent.  A  similar  lack  of 
force  results  from  a  sleepless  night,  indigestion,  or  any  indis- 
position. The  tired  man  and  the  sick  man  are  both  subjects 
for  Mai  des  Montagues  or  balloon  sickness. 


ErrsoTS  OF  variations  in  density  of  air.    li^U 

Croc^Spinelli  and  Sivel,  in  their  first  high  iwrent,  obiwrved 
lat  at  an  altitudi;  wIiltu  tlie  iiii,-reury  utood  ut  300  luiliimutreB, 
ley  experienced  more  <li8coinforl  thmi  wliun  in  Bert's  re- 
jivorB.  Tliie  tliey  attrilnited  to  the  greater  amount  of  muscu- 
lar fiertion,  to  the  great  depression  of  tern pemt lire,  and  the 
i^lens^th  of  their  »ojouni  in  the  uttcnuatcd  Btnito.  Ucgurding 
ihalatioii  of  oxyjsreii  at  ^.^reat  altitudes,  they  say  "we  direct 
pcetal  attention  to  the  favorahle  ottects  of  the  reBplratio!)  of 
>xygen  utider  dimitii»lieU  pre^ciiire.  Keturri  of  t>treiigth  and 
appetite,  diminution  of  headitelic,  ree»tablii<hiiient  of  clear  vision, 
and  e<.>o!nc'tii»  of  nerves."  AH  these  phenomena  they  had  already 
olieerved  in  Bert's  cvliuderu. 


^    236.  Bert »  Rarefaction  Cylinderi. — For  the  appnrattit)  by  which 
he  conducted  Iiis  rcHcarclics,  M.  Itcrt  tolls  us  he  waa  indebted 
to  M.  .loiirdanL't.      Kor   diiiiiriishcd 
pressures  the  apparatus  consisted  of  P^o-  90* 

two  largo  cvlindei-8  which  eoniiiuini- 
cateil  by  a  ^oor.  They  were  nearly 
seven  feet  in  height  and  more  tliun 
three  feet  in  diameter.  The  exhaust- 
ing pump  was  drivx'U  by  a  Leuoir 
gUB  engine.  A  presiturc  of  250  milli- 
metres could  bo  obtained  in  twenty 
minutes. 

In  this  apparatus  Bert  verified  the 
symptouifl  whieh  have  been  given 
u  mouniuin  sickneti^  and  balloon 
aieknesa.  It  was  r*bown  that  they 
originated  in  a  deficiency  of  oxygen 
in  the  blood,  caused  by  its  dimin- 
ubed  tetiMoii  in  t)ie  air  respired.  Re- 
garding balloon  sickiiees,  he  says  :  ,_ -  ^ 

**At  halfan  atmosphere  of  pressure  ■m»«ioo^iii«dw. 

everything  nmst  be  doubled  lo  secure 

the  same  iutruduetion  of  oxygen  as  at  the  level  of  the  sea. 

Kot  only  must  the  respiratory  movements  be  increased  in  fijroe 

and    rapitlity,  but   the   heart  beats  niu^t  be   doubled  in  force 

itnil  intensity.     This  is  clearly  impoHsiblL'.  eoiiauipiciitly  the  per- 

Ipcntnge  of  oxygen  in  the  bloo<I  diminishes,  on  this  there  fol- 

1WS  diminished  actiWty  of  the  respiratory  ninseles;  the  ampli- 
Itude  of  the  inspiratory  act  becomes  lesfl  and   less.     The  same 
[faappeus  with  the  beating  of  the  heart.     The  pulsations  may 
jmore  fremn-iit,  but  the  force  of  its  action  is  greatly  dimin- 
In  like  manner  the  functions  of  every  organ  are  inter- 

smi  with." 
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237.  Air  in  Caves. — It  sometimea  happens  that  in  caves  and 
mines  in  which  sulphides  are  present,  the  oxygen  of  the  sir 
uniting  with  the  sulphur  in  the  pyrites  undergoes  s  gradoal  re- 
moval, and  the  compoBition  of  the  air  becomes  seriously  altered. 
As  an  example  of  this  the  following  analysis  of  the  air  of  & 
deep  cave  near  St.  Maurice  is  given: 

Nitrogen 82.«« 

Oxygen 16.88 

Carbonic  anhydride 1 99 

In  this  case,  the  tension  of  the  oxygen  is  about  15  compareci- 
with  that  of  air  at  21.     It  is  equivalent  to  an  elevation  o^" 
6500  feet,  and  not  unfrequently  produces  symptoms  similar  tc^ 
those  of  Mai  des  Montagues.     It  is  recorded  that  in  a  copper^^ 
mine  near  Cam-Brea  the  oxygen  tension  is  only  14.5. 

238.  Beath  from  Diminished  Air  Pressure- — ^In  ordinary  air  an<ff— 
in  mixtures,  death  ensues  when  the  tension  of  the  oxygen  i 
reduced  below  4,  or  for  normal  air  to  a  pressure  of  one-fiftlu- 
of  an  atmosphere.     AVith  diminished  pressure,  the  percentage 

of  gas  in  the  btood  diminishes  also,  but  in  a  little  less  propor- 
tion than  the  law  of  Dalton  would  show.  The  blood  also  loses 
relatively  less  oxygen  than  carbonic  acid. 

An  animal  placed  in  a  closed  vessel,  an  animal  respiring  in  a 
current  of  air  the  proportion  of  oxygen  in  which  is  steadily  di- 
minishing, an  animal  respiring  air  the  pressure  on  which  is 
steadily  diminisiiing:  all  three  die  in  the  same  manner,  viz.,  bj 
true  asphyxia. 

Increase  of  Pkbssure  Above  One  Atmosphere. 

239.  While  the  earth  presents  groat  elevations,  by  the  ascent 
of  which  the  effects  of  diminished  pressure  may  be  observed,  it 
does  not  present  depressions  of  sutiieient  extent  to  enable  us  to 
study  those  of  increased  barometric  pressure.  The  only  depres- 
sions of  any  consequence  are  the  Dead  Sea  and  the  Caspian 
region;  in  these  the  depression  is  so  insignificant  that  it  may  be 
disregarded.  Mines  and  cavus  might  give  greater  tension  by 
increased  pressure,  but  any  increase  in  these  instances  is  apt  to 
be  compensated  by  a  poverty  in  oxygen  (237). 

The  actual  conditions  un(ier  which  increased  pressure  arises 
are  consequently  artificial.  They  arc  1st.  Descent  in  the  diving- 
bell;  2d.  Descent  in  the  diving-dress;  3d.  Working  in  cais- 
sons used  in  construction  of  piers  tor  bridges,  in  deep  water; 
4th.  So;journ  in  the  condensing  cylinders  of  aeropathic  estab- 
lishments. 


c 
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240-  Respiration  of  Pure  Oxygen. — Tlidiigli  oxyj;«rj  itt  the  cou- 
atiliiciit  ol"  iiir  wliii-h  Biiiiimii,-  ilie  riiiiction  of  reH|>iratioii,  it 
ba»  be«D  thowfi  by  »]irect  experitneiit  that  hot-blooJed  animals 
can  endure  tJic  rcsjiirution  ol'  pure  oxygcu  but  lor  a  conipura^ 
lively  brief  time. 

Ill  iiittural  respiratiou  tbe  oxyha'iuoglobm  in  the  arlcriitt  blood 
is  never  com|iletel3'  Baturaled  with  oxygon.  In  respiralion  of 
pure  oxygen  it  bcconicR  iu  time  cnmiiiutely  Baturateil.  and  the 
venous  blood  ulesu  lakv^  on  Ihv  arteriul  hue.  When  this  occura 
ihe  fiinctions  of  the  body  are  seriously  disturbed. 

In  the  case  of  reepiration  of  pure  oxygen,  the  tension  of  tho 
gaa  is  100.  If  the  gaa  be  brcatlicd  under  a  pressuro  of  three 
Atmospheres,  the  tension  if*  equivalent  to  800,  and  the  jia*  acta 
mm  a,  virulent  poison,  (piit^kly  jinxhicing  convulsions  which  ter- 
niinutf  in  dt-atb. 

I3y  increa«ing  the  pre»!^ure  on  air  to  about  five  atoiospheres, 
ttt  tension  beeomea  100,  and  ita  pliygiological  aetlon  when 
foathed  is  tlie  same  as  that  of  pure  oxyj;en.  Increasing  the 
pr«L*s«uro  rapidly  to  15  atniogjtheres,  the  teuBion  beeomeg  300, 
ticl  it  has  the  Hiime  poisouous  action  aa  oxygen  under  a  preasure 
<"  three  atinoepheres. 
-Air  below  a  pressure  of  five  atniospherea  may  be  breathed 
t-  a  short  time,  and  if  the  pressure  is  only  two  or  three  atmos- 
I>Ovres.  it  may  be  respired  for  a  eonsiderable  time,  anti  often 
'*"ilh  excellent  etfeet.  We  tuay.  therefore,  study  the  action  of 
•^riipri'Sbtd  air  in  two  states:  Isl.  Under  moderate  pressures; 
2cl.  Under  high  tension,  or  over  five  atmospheres  of  iirc«£iirc. 


S41  Physiological  Action  of  Moderately  Condensed  Air. — Under 
*  tent-ion  nf  from  ^U  Ut  lid,  the  tollouing  eondilions  appear.  Tlio 
Hbi  U  inkon  from  the  experiments  of  Vivenot. 

IhI.  Noises  in  tlie  ear.  arinu  aho  in  diseoinpresston,  frinn  sto])- 
ptt.gi'«  in  the  Eusincbian  lube;  arc  relieved  by  3wallow;ing,  anil 
"y  blowing  strougly  into  the  tube,  at  the  same  time  holding  the 
ttow?  and  shattinjc  the  mouth. 

^1.  Cbattge  of  vnic^,  bigber  note;  nasal,  difliculC  prouunciu- 
^^on;  tnipOMiibh'  lo  vvhistlu  (u*  hiss;  sometimes  stntteriug. 
S(l.  Smell,  taste,  and  toufh  obttcnred. 

'Jtli.  Expaufiion  during  iuspinition,  and  compression  in  ex- 
halation inereased. 

.    Sth.  Diminution  in  abdominal  convexity  by  compression  of 
"itimiiiml  gas. 

*'th.  iJiMphragra  and  base  of  lung  lowered. 
7th.  The  lung  during  inspiration,  as  well  as  expiration,  In 
'"^rii  of  the  heart. 

Sth.  ITence  diminution  of  i^nrdlac  impulse  on  palpation,  and 
^UQtuutton  Iff  its  sounds  on  ausctdtation. 
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9th.  Vital  capacity  of  the  lungs  increased. 

10th.  Return  to  normal  pressure;  the  vital  capacity  felU belo» 
the  normal.  The  lung  does  not  for  a  time  regain  its  primiti?' 
volume. 

11th.  Repeated  aojourns  in  the  apparatus  each  day  caufle  ii 
creased  pulmonary  capacity.  After  3  months  of  air  baths  » 
one-half  hour  each  day,  pulmonary  capacity  was  increased  on' 
quarter  without  any  diminution  of  contractile  power  in  the  Ian 

12tfa.  The  habits  acquired  by  the  diaphragm  and  thorax  co 
tinue  after  completion  of  the  experiments. 

13th.  These  increments  are  common  both  to  extreme  ai 
ordinary  respiration. 

14th.  Respiration  less  frequent  by  1  to  4  movements  p 
minute. 

15th,  16th,  17th,  18th.  Repeat  for  frequency  what  has  bei 
said  for  depth  from  10  to  13. 

19th.  Inspiration  is  quicker,  expiration  slower;  at  first  quic 
then  so  slow  as  to  have  the  appearance  of  a  pause. 

20th.  Increase  in  proportion  of  carbonic  acid.  With  J 
atmospheres  there  is  22  per  cent,  more  of  carbonic  acid  than 
the  normal  pressure. 

21st.  This  augmentation  is  not  in  the  same  ratio  of  increa 
as  that  of  pulmonary  capacity. 

22d.  It  is  common  both  to  forced  and  tranquil  respiration. 

23d.  Comparing  the  increase  of  carbonic  acid  with  the  ( 
minished  frequency  of  respiration,  it  is  evident  that  the  increa 
is  due  to  the  greater  absorption  of  oxygen. 

24th.  Consequently  after  a  series  of  sojourns  in  condens 
air,  the  venous  blood  becomes  clearer,  the  temperature  ris' 
muscular  force  is  increased,  hunger  is  greater.  Though  mc 
nutriment  is  taken,  the  body  becomes  lean.  If,  on  the  eontrai 
the  pressure  is  very  moderate  and  a  great  deal  is  eaten,  a  pers 
may  fatten. 

25th.  Frequency  of  pulse  diminishes  4  to  7  in  the  minu 
the  diminution  being  greater  when  there  has  been  an  abnorn 
acceleration. 

26th.  Return  to  air  restores  the  normal  rhythm  of  the  puis 

27th.  If  tlie  frequency  of  pulse  has  been  caused  by  respirato 
trouble,  a  permanent  lowering  follows  treatment  by  compress 
air. 

28tli.  Diminution  in  fro<[Uoncy  of  pulse  seems  to  be  mert 
a  result  of  the  mechanii-iil  action  of  compressed  air.  The  i 
creased  pressure  increasing  the  resistance  to  the  arterial  wav 
from  the  lieart.  the  number  of  pulsations  is  consequently  i 
minished. 

29th.  The  curve  of  the  radial  pulse  presents  chunges  in  fori 
Its  height  diminishes,  the   line  of  ascent  is  less  rapid,   mo 
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obliqae,  the  sainmit  strui^lit  or  slig'hlly  convex.  Tlior*?  is  dimi- 
natioQ  in  the  ca|incity  of  the  vessols  and  of  the  quaiitily  of 
l»lcio<i  they  rontuiii;  iiiereaae  in  tlic  syslolc  of  the  lieurt,  and 
gTf«ier  olistruction  in  the  cnpillnry  circulation. 

30ih.  With  return  to  normal  uir,  sphygmo^raphic  tracings 
Mwnine  their  normal  character. 

Slst.  The  radial  pulse  i»  changed  to  the  touch;  it  boeomoa 
■TOall,  llirtad-liku,  alrnoHt  iinperceptible. 

S2il.  8jihyi;ningnipliic  curve  durin^j  increase  of  pressure  IB 
nhove  that  obtained  in  normal  uir.  louring  this  phase  there  is 
iucrenae  in  the  total  presanrc  of  the  blood. 

33d.  Diminution   in  calibre  of   the   ve»«e1s  of  conjunctiva^ 

'^tina.  and  in  t)io  unr  of  ruUbitt' :  dcH>olori7,atinn  of  lliu  pupil 

**'i<l  iri«  in  white   rabbits.     The  pallor  of  the  men  who  work  in 

''>njpres!5ed  air  proves  the  repulsion  of  the  blood  from  the  surface 

'**  the  interior  organs. 

84th.   Hence  arise  diminution    in  the  intraocular  pressor©, 
**n  traction  of  the  pupil,  pulsation  in  the  ear  and  jaw,  pallor  of 
"'iTij.Hnic  niembrauc. 
Both.  Introduction  of  a  manometer  into  tliejnjrnlar  vein  shows 
tJiat  the  vtMious  pressure  diinini«hefl  in  conipresHod  uir. 
I  86th.  Tempei-ainre  inerc-asts  in  fbe  armpit.     If  cxpoaure  to 

^^'prtipre-iiietl  air  he  of  sufficient  duration,  tempcratui*e  in  tlie 
^V<^<?tnm  also  increases. 

^ft  UTth.  Blof)d  leaving  tlie  periphery  of  the  body,  many  of  the 
^piitvrnnl  orpnns  arc  congested,  and,  hence,  the  eynii>toms 
'     *t»nnL'cte<I  tliercwith. 

Hfitb.  Compression  of  air  causes  no  direct  evil  reaults  until  it 
(^u^lies  fnur  and  a  half  atmospheres. 

39(1).  In  relaxing  the  compression,  if  the  release  is  too  rapid, 
*w»*»ouis  conse<juenees  arise. 

•40ih.   Sojourn  in  conipresBed  air  is  less  dangerous  lliati   re- 

Iturn  lo  ordinary  air.  Thi!*  ]>ruduce8  con<(estions,  hemorrhages, 
NaitiB,  and  demngements  oi'  the  circulatory  system.  The  evola- 
fionnfgiiain  this  system  can  even  bring  on  sudden  arrest  of 
^t'culalion  and  death. 
41flt,  The  on]}'  way  t«  treat  these  nw^idonts  is  by  an  instant  re- 
tUni toconipreK(««<l  air. 

Ill  28th.  2!Mb,  sail,  34th,  37lh,  Vivenot  confounds  rosidts  witJi 
rtjwtrr  of  etiVcts  of  pressures;  with  the  exception  of  the  error 
t^icrebv  introduced,  tlio  summary  gives  an  excellent  review  of 
iht  eflrats  of  moderate  pressure. 

To  this  list  of  symptoms  M.  Bert  wlds  the  following  state- 
n*cais:  With  air  under  pressures  less  than  five  atmospheres, 
"'c  oxyhiemoghibin  is  never  completely  siilnrated  with  oxygen, 
Uion^h' it  becomes  richer  therein  as  the  pressure  surpasses  the 
"ormiU.    These  niodcntte  pressures  especially  interest  the  phy- 
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Hiciuu  and  the  hy^ienist,  eince  tbey  are  employed  iu  therapeatica 
iuivl  ill  vtu'i^>us  industries. 

Wliut  :i|)^H,'ars  to  be  most  interesting  ia  the  determioatioD  of 
I  lie  tension  i*t  whicii  the  maximum  of  iiitra-organic  oxidation 
\n  uiiuined.  Direct  determinations  of  the  oxygen  absorbed,  of 
I  liL'  ^itilnmic  ucid  and  urea  excreted  in  a  given  time,  show  that  it 
i:t  in  tliu  vicinity  of  ttiree  atmospheres  or  a  tension  of  alwat 
^i\iy  of  (ixygeii.  Indirect  researches  on  the  rapidity  of  putre- 
liuiiun  i^ive  the  same  result. 

In  I  lie  higher  animals  organic  oxidations  augment  in  intensity 
;i.i  I  lie  point  of  saturation  of  oxyhemoglobin  is  reached.    Ob- 
^(.■1  Villi on.s  on  interior  creatures,  as  tadpoles  and  larvte,  kept  for 
-mnic  time  under  oxygen  tensions  between  twenty-one  and  one 
luiiidrcd,   show  that  though  there   may  be   improved  rate  in 
iiiiiiiiioii,  there  is  a  departure  from  the   normal    character  ot 
i\'iii.liiion  of  the  part.     Germination  of  seeds  is  never  lietter 
iK^oniplished  than  under  the  normal  pressure  and  tension  of  the 
iiir,  oi-  in  a  similar  mixture  of  oxygen  and  hydrogen. 

'riuui^li   the  number  of   pulsations  ia   diminished,  and  tb® 
iiKixiiimiu  lung  capacity  is  increased,  yet  the   volume  of  &'^ 
utiitli  travurseei  the   lungs  in  a  given  time  does    not   chaiigT® 
~.i  n--il>ly  in  compressed  uir.  - 

Till.-  itrcatcst  lung   capacity  is  produced    by  the  mechanic**^ 
.■.'liiiiivssiuii  to  whicli  the  intestinal  gases  are  submitted.    Arteri^ 
I'n-    lui.'  is  iiugnicuted. 

Till'  im-t-iiuitical  cthicts  of  pressure  on  intestinal  gas  diminish  i»^ 
ilii  |'i\.--uiv.s  iiK-rcasc,  following  the  law  of  Mariotte.  Passiii,^^ 
11...I1  Mrn-  to  two  atni()s|)li(jrcs.  tlic  diminution  is  one-half;  t^^ 
I In  tuu'-niiartoi';  iiiid  so  on. 

'l'liMiii;li  Nivi'iiot's  tlicory  of  the  action  of  compressed  air  ii^ 
I'l  '.III -iii:^   (lallor  is  lianlly  tenahlc,  yet  it  is  not  the  less  tru^^ 
ill  li  I  ill-  lilnml  is  driven  from  tlie  j)eriphery  to  the  central  organs— 
I'l  "II  ilii->  ari-ic  iuiportaiit  rnodiHcations  iu  circulation  and  iiv 
ill    1111111111111  of  ilitr*'rciit  parts  of  tlie  body;  modifications  fron*- 
..  !i'.  Ii  ilirr.i|>i-uticrt  have  been  aliUf  to  draw  profit. 

Iu  L  I.I  iJii;  lliis  article,  wc  are  constrained  to  nieiitioit 
I.I  ti  uiK  itiiTi'iiious  cx|)lauatii)n  of  the  [lallor  arising  in  com- 
!■..  1  111.  llo  atiriluitcs  it  to  compression  of  the  intestinal 
...  ill.'  iliiiiiiity  of  the  abdominal  walls  exerting  a  suction 
i  li.M,  III  .  .iiiifi|Ucm'c  thereof. 

Hi.    .\i;tiim  «f  Oxygen  TJnder  High  Tension. — Tlie  discovery  of" 

ill.    I luiiT  niiinii  of  oxygen  under  bigh  tension  is  very  iii- 

..    iiiij        Kv[ii'i'inn'iitrt    on    vegetables   and   animals,  on    air- 

iilii.i.;   .Liiil  ttaU'i-brcatliiug  creatures  of  simple  or  of  coni- 

■,,  ....1    ti  u.iiiiv'i,  liave  shown  in  tlie  most  satisfactory  manner 
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tliut  il"  oxvgcn  (Icparta  in  its*  tc-nsion  to  any  jcrreat  extent  from 
Uiui  wbiclt  it  lias  iii  air.  death  rapitlly  euperveiies. 

CotiviilKions  come  on  in  lioi-lihuHled  aninialu  qiiirkly  in  nir  at 
twcntv  utmoftplieres  of  preesure  ;  with  great  ranidity  at  twenty- 
five  itiiioKpLereB;  but  evil  etf'octs  are  proiluetfu  ut  utt  nioderalc 
prewurefr  &a  six  atmospheres.     As  U  Hbown  in  Fig.   01,  the 
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fri^ilv  anning  from  the  convuli^ions  ig  8o  great  tliut  tliu  animal, 
•  6n  iieUi  by  one  Coot,  stands  out  as  i^iirt'  as  tliougli  it  was 


* 
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^243.  Oxygen  Poiaoniag;. — IhI.  Oxygen  acts  a»  a  poiaon  wlieii 
'■^«  miiintity  in  tb«.'  blood  reaches  thirt^'-five  volumes  iu  one 
y^»^iiilmJ,  tli'e  normal  being  fiJleen  to  twenty. 
^H  ^1.  The  poisoning  in  cbarnotcrized  by  eonviilsionu  which 
^J^sn'iiild^j  thi'M?  of  tctanuB  and  ejiilc-pay,  also  those  produced  by 
^^*  rjclminc  and  phuiiie  acid. 

^il.  The»o  convulsions  are  quieted  by  chloroform,  and  are 
^^^c^uoid  by  an  exaggeration  of  the  excitor  motor  power  of  the 
^^^X*irml  i!ord. 

^^L  ^'h.  Tli**y  are  ar*_'onii'iinied  by  more  or  lew  diininntion  in 
^P^*itt'rnid  tfuipi^ratuic.  livgarditjg  this,  M.  Bert  siiyK:  ''When 
*  for  the  first  tinu?  naw  a  sparrow  under  tht*  intltience  of  con- 
^vuwd  oxygen  and  eullering  vioknt  couvulsiantt,  I  thought  that 
^hv  iiitru-organic  oxidations  niii^t  produce  exaggeration  in  the 
teiiii#rature.  Imagine  my  aurjiriRe  when  the  therraometor 
*ihoiveii  exactly  the  opposite  resull.'' 

iMiefOfd'opic  gerniK  which  |>r(><tucc  varioutt  fertnentatioo^  die 
*lnrri  they  are  subnnttcd  to  tite  action  of  coniprcstjcd  oxygen; 
JiQlrcfaction  is  nrreated. 
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::!  of  carbonic  acid  by  potash  or  otlier 
■  ■\\iiiix  irctieral  statements. 
iM'irii,'  rLpicPGnted  by  its  percentage  niul- 
|.!«'.  ik-iilli  supervenes: 
1•■ll^i(lIl  (it  carbonic  acid  riees  to  26  (whetber 
■'     I'  '■■?-mc  1)0  above  or  below  the  norDial).    In  this 
■..  ..    ., .  . ','.' '"^    rcr-j.ircd  must  be  surcharged  with  oxygen. 
;;m-1    '^''i'"'^'^  toother  ])oisonoii8  gases — e.  (?.,  carbon  mon- 
\V\,,".,''l''">''<-ltcd  liydrogeii. 
■>  ^\>i.,.-'.  1    '*'    i'-""''i»"i  of  oxygen   reaches  300  (independent 
I'll  11   -jJ'J   ^I'^'i'ochtage  and  pressure).     In  the  case  of  pure 
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of  I'riestl  '*^*'^'^*"^  Effect  of  Respirmg  Oxygen. — From  the  time 
oxvppi  *^^'  ^^^^''y  have  advocated  tlie  respiration  of  vital  air  or 
x'y  '>  *i~  ^*-  ^^'^8  for  a  time  employed;  but  having  fallen  into 
./      '      •         **"b'  recently    been  brought  forward  again  as  a 

TVi  **  \^^nly  prescribed  for  patients,  it  is  given  nearly  pure. 
V  u*^'''"^^"'  quantity  administered  in  France  is  30  litres, 
wmcnareconsumed  in  from  five  to  peven  minutes.  This  method 
labors  under  two  objections;  1st.  We  cannot  expect  that  any 
permanent  relief  is  to  be  obtained  by  a  slight  increase  of  the 
oxygen  in  the  blood  during  ten  minutes  or  so.  2d.  As  the 
oxygen  is  pure,  it  is  quite  possible  that  a  sufficient  quantity  may 
be  administered  to  over-pass  that  best  calculated  for  the  maxi- 
mum of  intra-organic  oxidations.  So  shock  may  be  produced, 
which  acts  in  the  opposite  manner  to  that  intended. 

It  is  to  be  hoped  that  hereafter  pure  oxygen  will  only  be 
given  in  alarming  cases  of  asphyxia,  as  in  poisoning  by  carbonic 
oxide  or  by  sewer  gas,  where  there  is  l)ut  little  time  to  act.  The 
proper  method  is  to  employ  an  air  containing  about  60  per  cent, 
of  oxygen,  and  to  continue  tlie  inhalation  for  an  hour. 

In  the  treatment  of  a  chronic  affection  like  anajmia,  the  better 
way  19  for  the  patient  to  respire  an  air  containing  about  25  or 
80  per  cent,  of  oxygen,  for  a  couple  of  hours  every  day.  For 
this  time,  there  would  be  required  about  a  cubic  metre  of  the 
mixture. 

847.  Therapeutical  Uieiof  Compressed  Air. — Our  knowledge  of 
the  use  of  compressed  air  as  a  therapeutical  agent  \n  largely  due 
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to  .luriod,  of  Paris;  Tabune,  of  Moni|jellier;  hihI  Pranut. 
Lyons.  As  the  vniue  is  beltt-r  iipiireHuted  uvery  day,  it  wiB 
tloubtletss  befitre  Ion;?  he  more  ffiMierallr  employed.  Mort  i1j»] 
twuuty  c«tHbli8limeTit<^are  now  in  operution  in  various  KuroinritB 
citioa.  Miuiiiger8  nl'  tiieec  employ  dittlTCtit  rk-grcca  of  roniim'>- 
««>»,  vBpying  from  10  to  30  centimetres  of  mercury.  TheT^^ 
port  excellent  results  in  tlie  trejitment  of  aftphfixmatous  atlJana; 
■  iiu-oiu'r  hnnii-hilis;  rhli*rn-anir,mia  f  passiee /leimrriM^s.  It  is  both 
tuiiie  ttiiil  sL-dative  Lu  its  ettects. 


Pio.  M. 
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In  (w/Aff«i  modoratcly  comprGaacd  air  acts  beneficially,  chiefly 
for  utei-luiuical  rcnaoiis.  In  aintitiiti,  on  tbe  i:«>tiirjiry,  it«  favor- 
ttblu  ttclion  in  owing  to  the  belter  saturation  of  the  oxyluonui- 

tfloltiu  witb  oxygen.  This  ii*  eviik-nt  from  the  foct  that  in  llw 
ult»'r  ciwv  ciiual  advanlKget*  may  be  obtained  by  the  ruKpirHtitm 
t'f  ail'  iMnluiiiinir  it  ^reiHer  percentage  nf  oxyi!:en.  In  asthnin, 
though  the  hicrea-ie  in  \>ev  cent,  of  oxygen  improves  the  condt- 
Uou  ol  iht)  jiatient,  the  amelioration  is  small  coni[Hired  with 
tlul  idtUiinetl  by  breathing  thu  eompreHscd  air  uf  eompresuon 
uylindi'rn. 

Tli.io  \tn*  been  thiiB  far  too  much  timidity  in  the  therapeutic 
I  •mproMrtctl  air.     In  tho  medical  nppiiratns  the  extreme 

I  liua  hardly  ever  reached  two  atmospheres.     It  might 

[Oi'-  pnahiut  without  Inconveniitnuo  to  three  atmnKphcreo — to  the 
■  ■'    '-i  fuel,  of  maximum  of  intraorganic  oxidations. 

1  -.  hao  employed  comprossi'd  air  in  sun/iiyti  operaiions.     It 

that  it*  upplieation  fnr  the  rciluction  of  slranffttltiltd 

iovcr  been  atlemplcd  uhere  the  iiitestino  contains 

.-  M«  lo  hinder  n-diirtion.     A  pressure  of  an  addi- 

....;.,. jphere  would  diminisli   the  gas  to  one-hall",  whiv 
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t<»rtaitiU*  l>c  an  advantage;  and  taxis  might  be  commenced 
the  eoniprc^iui)  uvltndere. 
In  ceriaiii  ij/mpttnifit:  affeetions  wliero  HuitViuation  is  imniinonc, 
relift"  t^uickly  Ibllows  aXrief  sojourn  in  a  compreesiou  cylinder. 
Ill  (his  cjise  llic  uctioii  is  iiicclmriical. 
Thy  employment  oi  proasiires  beyond  tlirc-c*  atmospheres  for 
lirdicut  purpoHOR  ia  also  worthy  of  trial ;  under  iIioho  conditions 
bore  is  diminution  ot'  oxidattoti.     ThiH  of}i:>r»  »n  antiphlojtcistic 
Miiedy  the  value  ot  which  has  not  yet  been  Jctermin(.'d.     I'hy- 
lt.*iun»  having'  rharge  of  workmen  in  the  cai8.i*uiis  utted  in  bridge 
uiildjng   havo  estanJiBhed   th«  fact  that  ozygm  nt  high  tension 
wi'^itaes  a  favorable  action  on  \uJl»mma(ory  phaiomnia. 

,.M8.  Hygienic  Hanagement  of  Compreued  Air. — Moii   in   tlie 

)im  used  in  construction  of  [litrrs  of  ln-idt'^n  liuve  not  yut 

ieen  suhniittcd  lo  prt'ssuret*  where  eompres«i<m  of  the  air  is 

dfUik^Toue.     The  greait-t't  pressure  thus  far  attained  waa  in  the 

hri(^   at   Saint   Louis,  wliere  it  witt^    nearly  four  utid  il  half 

Liuoi^pheres.     An»mia  has  appeared  as  a  consequence  of  such 

Bvert*  prc«8ure,  but  the  coni])lication  of  conditions  w  bo  great 

iMt  it  IS  difficult  to  iifliriii  anything  with  certainty. 

Th«  necuBsities  of  engineering  may  at  some  future  time  com|>e] 

irt  to  prcBfiurcs  greater  than  five  atmospherefl.     Thu  con- 

Mioes  to  workmen   will  then    become   ftxceedingly  grave. 

irun  a  brief  expooure  to  ten   atmuejiherea  would  otlen   be 

tended  by  sudden  death. 

If  tJie  construction  of  a  bridge  rc*|uires  that  workmeu  must  be 

|hxpoiied  to  pret^i^ures  of  mure  than  live  iitmot^pherus,  and  its  im- 

Ibortancc  is  so  great  that  expense  iu  n  tuinor  iithiir,  the  result  may 

iiH  aceoinpUsbed  by  the  etnphymaU  of  an  air  contoining  a  smaller 

^eremtage  of  oiggeti  Ihtn  wmaal  atmosphfrif  air;  an  air  so  adjusted 

Uiat  under  the  presr>uro  to  be  employed  tlie  oxygen  tundiontfhall 

»  lietwcen  '1\  and  ()0. 

p   Air  of  tills  cliaractor  may  roadil>*  he  obtained  by  the  apjiarfltos 
f>f  Tossie  du  Motav,  in  whieb. oxygen  i»  prepared  by  separating 
,it  fntin  atmospheric  air.    Air  voitled  fnun  this  miicliine  consists 
ibiefly  of  nitrogen,  most  of  the  oxygen  having  been  removed. 
Jv  adding  to  tJiis  nitrogen  air  proper  proportions  of  atmos- 
Bcric   air,  mixtures  can  readily  be  obtained  which  wonUl  at 
irioun  prcfHures  provide  an  atmosphere  having  an  oxygen  ten- 
jiiHiinilar  to  that  of  normal  air.     Jigdrogen  also  might  he  em- 
for  tkf  diluiiim  of  ardinanj  air. 
,1  preparing  such  mixtures,  if  it  is  desired  to  have  the  oxygon 
j^jAinc  tension  as  in  air,  all  that  is  required  is  to  divide  the 
kutftge  of  oxygen  in  air  by  the  atmoeplieres  of  pressure. 
tor  ten  atnKwpheres  of  preasurc  tlie  mixture  would  contain  two 
ercenr.  of  i>xygen.    In  practice  it  would  doubtlcaa  be  better 

14 
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::>.■  oxygon  tension  of  ordliiary  air; 
I'i'T  tlie^'C  cninlitions  the  niixim' 
:  .  .>r  oxygon.     This  undor  aprf^urt 
.  ..  4i\-t;  tilt'  tension  of  40  roquiroil. 

.  .uipressed  Air.  —  Air  in  ciiis-sons  or  tuV-; 

.:■■■.      At  pressure:^  of  tiirt'c  Jind  a  Iw'i 

--.■■■-  .'f  tlie  ln-itlgu  at  Kelil,  M.  liiiqiioy 

arixinir  iicid  gas.     Jn  tliis  eiist' worU- 

.    ^  ■■.■.\'\\  at  normal  prcssurt's  would  rdiiniiii 

i.!!.sioii  t'tnial  to  8.30,  wliich  wouM  !'<-' 

:.  i'Ut  also  t-arlion  monoxide  arisis  trum 

^.■■'i'<  attending  tlio  use  of  artitieial  lidil>- 

-  lu'eossai'v  in   mining.     Gases  cniitiL'" 

~i.'i  are  also  to  lie  considered;  in  tlic  coni- 

■;ise  doubtless  liave  their  noxioiic  pe\vi,'r 

■i.    proper   remedy  tor  all   sueh  pO!^^il>l'^ 

..j,ii  ventilation. 


•r..ouipressioii. — Tlic'  difficulties  of  coinprcssio" 

.    ■  ■:.  '•:   remains  to  deal  with  those  of  d».'eoHi', 

.  ■.'•:oiu  the  highly  conden-sed  air  to  that  et 

.--U'r  high  jiressnres  u  quaiitHii  i\f  vHri^ff' 
.{.  •iii'l  as  ri'tl'ir/ioii  of  pres.^frc  /a!;i:9  pln''''- 
-.  >■  .■<fii/r.  Kven  with  ordinary  air  in  tlu' 
.■,-;its  have  arisen  from  this  cause.  It  ii-. 
..  with  eoudeiLsed  atmospliere!!  so  rich  in 
v-.uion    would    he    exceedingly   grave,  aiul 

■'  f'j/ 1'  (/r'uhiof  rchix'ttiuii  of  presfiire. 
.  ^sare  docs  not  exceed  two  atmospheres  il 
,  ■■■.i>tigh  there  is   rai'ely  immediate  danger, 
•v  ■  .d'iinated  to  a  gi-adual  relaxation  of  pre>- 

■'•i-cc  atmospheres  it  is  hcst  to  allow  half  an 

.\,  '.Ml  of  jtressurc.     lietween  three  and  four 

.•,;'■   should  he   alkiwed,  :'.nd  the    slowness  ot 

M  ,1  propi'rly  arranged  stofteoek. 

.  s\  ditlii'ulty  ai'iscs  ami  a  very  grave  one.      /' 

'■■  •il'niiL'!  the  tj-paiK^'ivi  of  air.     This  must 

^  ^'I'thing,  and  the  jiresence  of  steam  heaters 

.  s!  ■\^v  meeting   this  trouhle    is  the  usl' of  two 
»■,:  I'lvssion   hoth   pro]>crly  warmed,  workmen 
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from  that  of  3  to  that  of  2  fltmospherca  remaining  about 
r  of  an  buur  in  uucb. 
he  Itihger  meti  have*  ht;pii  in  the  tubes  tlu'  slower  t^lioiihl 
the  decompression  be,  for  the  ti^^ueA  bavinj;  abiiorbud  nitrogen, 
time  tnugt  be  given  for  it  to  puss  tirst  into  tbe  blootl  and  Uicn 
into  tbo  atraoaphere.  It  is  best  not  to  oblige  liie  workmen  to 
work  for  long  terms,  an<]  tlie^-  should  only  labor  one  term  iu 
"  "Jiiy. 

Ill  like  manner,  divers  working-  about  wrecks  and  in  poarl 
*tj<l  sponge  iisberie*,  whoTO  tbo  depth  exceeds  100  foet,  fliould 
t*  provif^  witli  means  to  enflbh>  them  to  return  gradtiully  to 
o«*Oiiiury  pressures. 

Sjil.  Nature  and  Treatment  of  Decompression  Accident*. — Jn  spite 
*"  ull  preeaulion*  accidents  occur,  (.ias  may  Itc  treed  m  tbe 
_^ii.'inity  of  tlie  lieart,  in  tbe  heart,  in  tbe  spinal  cord.  What 
'1 »  «ju  is  to  be  done  ?  Oj'n^cn  should  fie  ins/nred  as  »{<u'fili/  as  posMhte. 
.^^c»r  this  purpoge  a  siipjily  sIiouUl  alwavs  Imj  at  hand  compressed 
•**  steel  gas  holders.  Tfie  patient  should  first  he  auhmitied  leHhout 
fo^imj  u  moment  to  air  more  i-ouij/ressdl  Otan  that  from  which  he  has 
i*t*#i,^^  stt  as  to  insure  tbo  return  of  the  Jree  gas  to  the  stale  of 
»-K«npti">n  in  tbe  tissues.  Tlten  the  pressure  sbouUl  be  relaxed 
^"iih  extreme  sJDwnesa. 

When  comprcivBion  tias  exceeded  four  atmospheres  it  is  alvvaja 
pfudent  to  respire  oxygen  immediately  oti  returning  to  the 
^tnios[>bero.  EspiH^ially  sliould  this  precaution  be  taken  by 
^livers,  even  though  there  is  no  apj-tarancc  of  troidde. 

Il  pttrniUfgkt  apptttrs,  reconiprcsj^ion    should   at   once  be  re- 

»Bcirted  to  with  respiration  of  oxygen  ;  especially  when  tbe  trouble 
•ppc-ars  some  time  arter  the 'return  to  airl!  should  these  be 
V^'iop^b'  uwd.    It  is  no  longer  a  probiibility  of  obstruction  in 

I  the  pulmonary  circulation,  but  a  certainty  of  the  fommtioa  of  ft  gas 
hatititf  in  the  vtsstls  of  the  sjmat  co}il,  and  t4>  remove  ibis  compres- 
«t(iii  must  b*  rcfiortcU  to,  and  thereby  enable  tlic  blood  to  reab- 
sorb it. 
Workmen  in  comprcsseil  air  sutfer  inoru  or  less  from  sudden 
ncpikiision  of  intestinal  gases  on  leaving  the  caissons.  The  froth 
fumied  iu  the  liquids  uf  tlie  digestive  apparatus  when  pressure 
iatoo  quickly  relieved,  occasionully  causes  indigestion. 

'2.  Betationa  of  Barometric  Variations  to  Hatora]  History. — In 
ing  ills  invrsriguiions  on  tbe  pliysiological  ettl-cts  of  varia- 
tions Ml  jiressure,  M.  Bert  says: 

The  eSi^cts  uf  diminution  of  pressure  on  the  gcograpbical 
dintribution  of  plants  and  nnitnals,  have  been  demonstrated. 
Tlie  sluiiy  of  nature  docs  not  aft'ord  any  equivalent  ilhistratiotis 
of  the  cnects  of  increased  pressure,  at  least  as   far  as  aerial 
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creatureB  are  eoin-tTiied.    Et-j^ions  lower  (hnii  thu  It-vfl  nf  il 
ocean,  liku  ihe  ('iit^piiui  and  I>i'a<l  j^ojifi.  Imvo  unly  mliglit  dt*} 
Rion  and  tew  inliaMiaui*:.    Wt'flhotiUt  oxpfccl  (hvc»ee  to  W^ei 
diHvreiit  uttli  ureattirva  wtiieli  livt;  Ut  dupthii  of  4000  or 
metres  in  i)ie  otiean. 

The  Duthvlfiud,  whidi  Las  played  so  imitorlniil  a  {mrt  !fi 
nifHlcrn  thcnrk-a  of  naturt',  utid  nliieli  sonio  think  lu'Iori|rn  to  tlit 
mineral  kingdom,  dovs  not  appear  to  suffer  any  uiucbitiiical  i 
convunit-ncf  from  the  onornious  [ircssure  to  %vlikli  il  iseoueiaiill; 
submitted,  and  with  which  its  partaaruin  equtlibriiim.    Iiwoa 
be  entirely  diflerent  il'  a  creature  accustomed  to  live  at  iOi 
Dietree  vau^  suddenly  translated  to  a  depth  of  4000  metrca.    Tlie 
increase  of  prussure  wouhl  produce  a  diniiimtioh  in  the  volii 
of  it«  body  which  could  scarct-ly  happen  without  injurious  i-oi 
Bequcneet*.     In  like  nianner,  a  creature  transferred  tr<ini  400(1 1<> 
2000  metres  of  depth,  would  uudertfo  a  dilatation  that  wutilil 
have  evil  consequences.     It  is  this  dilaiatioii  that  in  all  proUi- 
bility  cfliiaes  the  death  of  so  many  creatures  brought  from  gr«»t 
depttir^  in  dredging  u]}erations. 

CutnprcsKivin  iiiul   relaxation   of  pressure  itrodiice   profoiiiul 
mechanical   efteeta  upon   water  creaturea  which   have  clo&e<i 
Bwimming  bladders.     In  tliis  case,  as  \t.  Moi-eau  hat^  ^hown,  an; 
Buddcn  vttfiation  of  pressure,  hy  its  action  on  their  swimming     j 
bladder  by  diminishiug  it«  volume,  eon  so  modify  their  mean 
density  as  to  carry  tliein  many  metres  above  or  below  the  xoiie    I 
in  wliieh  (hey  ordinarily  Hml  their  habitat,     f^udden  exhaustion 
forceti  them  to  the  c^url'ace,  the  swimming  bladder  dilating  even 
to  burbling.     In  the  itther  ease  itic-reawe  of  density  causes  ihem 
to  sinlc  indeiinitely  in  the  ocean  abysses,  the  bladder  ever  con- 
tracting, and  the  dt-nnity  of  their  bfidies  incrensinp  in  the  same 
ratio  as  that  of  nea-water.     Ordinary  variations  of  barometric 
pressure  arc  bo  limited  that  they  do  not  a[i[H,'or  to  liave  any 
serious  influence  upon  fishes.    Indeed,  if  suflicionitime  bcgiveo, 
thetie  creatures  can  increase  or  diminish  the  amount  of  eas  in 
the  air- bladder,  either  secreting  oxygen  from  the  blood  oralitutrb- 
ing  it  from  the  bladder,  as  occasion  requires.     The^'  thus  adapt  , 
their  size  uud  density  to  such  moderate  variations  of  proesuroHl 
ordiouriiy  arise.  ^H 

When  comprcflsed  oxygen  is  forced  into  water  under  high 
pressure,  aquatic  creatures  placed  therein  die.  To  pi*oduee  thia 
effect,  the  gas  mupt  be  compresBed  indepenilently  of  any  pressure 
the  column  of  water  may  bring  to  bear  upon  il.  Whiitever  the 
depth  of  the  column  nf  fsea-water  may  lie,  it  cannot  increase  tJio 
proportion  of  dissolved  uxygen.  This  fact  has  been  established 
beyond  a  doubt  by  unalyscs  oi'  samples  of  water  taken  at  ;;rcat 
depths.     Indeed,  there  is,  according  to  the  analyses  of  Lant 
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CnrpiMiter.  a.  less  pcrcentatre  of  oxy^sren  in  aca-wiiter  takcu  from 
[^rv.-ut  (l(.'[iltt«  ibuii  ill  tLal  ut  llie  r«iirl'aco. 

St'u-wator  coiiiains  an  iivenii^'  of  '2.S  vohinies  of  gaw  to  100 
>f  wutcr.    Tliis  guB  liaa  the  following  compOiiitian : 
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filiowiitg  dimiiiutiot)  both  ia  oxygen  auil  iti  nitroErcu:  fi-<>rii  this 
two  uoii8t'mi(?tiuos(;risnt;:  Ist.  A  r^iyoiirn  at  j^rttiH  tiupllis  iIih's  not 
briuff  peril  from  increase  of  tension  of  tlie  tlittsolvtMl  oxygen. 
2d.  Rapid  relaxation  of  jircsHure  docs  not  produce  evil  uttucts, 
ilicre  is  no  uxcps-'*  of  nitrogen  liiaflolvcd  in  the  tlnid.-*  or 
et.  Free  ^a*  it*  never  found  in  llie  ti(*8ue»  of  u  creature 
hroujjlit  from  ».'ri'al  deptlis. 

It  is  a  very  (lirtl-rt'rit  niiUtcr  if  there  ia  a  sudden  infitix  of  eon- 
deiwed  ga»  iit  the  holtoni  of  a  sea,  even  at  the  moderate  depth 
of  one  hundred  inutreii.  Then  the  conditions  for  production  of 
JucretiSL'd  tension  of  the  dissolved  gas  exist,  and  every  moving 
lure  tlinl.  eonies  within  ila  rL>nch  ia  dcjitroyed.  Ii  was  doubt- 
owiiijj  to  thin  cause  that  in  the  month  of  March,  1S8'_*,  such 
extennivvaivjtHof  ttie  Nui-th  Atlantic  were  covered  witli  dead  lish. 
U'  we  consider  the  roh*.  which  oxyjjfcii  has  played  in  jMist 
geolf^ieal  agoA,  we  cannot  fail  to  pcreeive  that  harometrie  pi*e»- 
Hare  linn  acted  a  inotit  important  part  in  niodilyingtiie  character 
(■f  lite  on  I  lie  surface  of  the  tjlolie. 

In  the  tirst  ages  of  our  phoiet  the  tension  of  oxygen  in  the 
atmosphere  must  have  liccn  much  ;;ix>uter  than  at  ]>rc^Mil,  and 
fur  two  reasonn:  lat.  The  thiekncsa  of  tho  atmo-^phere  vras 
icreater.  3d.  The  percentage  of  oxygen  aluo  was  greater,  since 
the  rockB  were  rii>t  yet  cool,  nor  liati  ihey.  in  many  cases,  reaeiied 
llivir  inaximuui  of  oxidation.  At  ea<-h  successive  epoch  the 
fttmoPphore  iK'tictrutcii  deeper  and  deeper  Into  the  soil,  anil  tho 
nnuis  of  oxygen  ilimini^hed  in  proportion.  We  may,  therefore, 
uva  .M.  Uert,  imagine  that  there  was  a  time  when  living  creatures 
iwujd  not  exist  on  the  earth  on  account  of  the  great  tcuKiou  of 
tlie  i>xygen  of  its  atmosphere,  and  that  finally  the  time  arrived 
when,  by  reduction  of  itn  tension,  tlicir  existence  beeanio  a 
poiMibility- 

There  are.  he  ad<hi.  three  conditions  winch  practically  control 
the  extrtieuce  of  life.  They  are  temperature,  tension  ofoxygeni 
and  of  carbonic  anhydride.  Ci^atures  which  resist  the  greatest 
«xtrenice  of  this  triumvirate  belong  to  the  group  of  vibrioa.  It 
vnui  probably  in  thorn  that  lifi^  made  its  advent,  and  in  them  it 
will  make  it«  exit  from  our  planet. 
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253.  Bert'i  Besume  of  His  Besnlts. — To  put  tbo  subject  of  phjsi- 
ological  action  of  variutioiis  in  tension  of  oxygen  in  ae  clear 
and  concise  a  form  as  possible,  Bert  gives  a  resume  of  his  work, 
of  whicli  the  following  is  a  condensation : 

a.  Diminution  of  barometric  pressure  acts  ou  living  creatures 
by  decreasing  the  tension  of  oxygen  in  the  air  they  respire  and 
in  their  blood  (anoxyheniie  of  Jourdanet),  and  thus  menacing 
them  with  asphyxia. 

b.  Augmentation  of  barometric  pressure  acts  by  increasing 
the  tension  of  the  oxygen  in  air  and  in  blood. 

Up  to  about  three  atmospheres,  increase  of  tension  produces 
greater  activity  in  intra-organic  oxidations. 

Bej'ond  five  atmospheres  the  intensity  of  oxidation  dimia- 
ishes,  it  changes  in  its  character,  and  at  last  with  sufficient  in- 
crease of  pressure  ceases  altogether. 

Consequently  all  living  things,  aerial  or  aquatic,  animal  or 
vegetable,  complex  or  single  celled;  all  anatomical  elementa, 
whether  isolated  (as  blootl  corpuscles),  or  grouped  in  tissues, 
perish,  with  greater  or  less  rapidity,  when  placed  in  air  suffi- 
ciently compressed.  The  only  exceptions  to  this  law  are  the 
reproductive  corpuscles  of  certain  microscopic  creatures.  In 
higher  animals  death  is  preceded  by  tonic  and  clonic  convul- 
sions of  extreme  violence. 

In  vertebrates,  sudden  accidents  produced  by  great  tension  in 
tlic  oxygen  do  not  appear  until  the  hEemoglobiu  is  saturated 
with  oxygen,  and  this  gas  is  brought  in  contact  with  the  tissues 
in  a  state  of  simple  solution.  One  can  then  say  that  the  ana- 
tomical elements  are  anaerobies. 

c.  The  ferment  diastase,  venomous  poisons,  and  vaccination 
virus  resist  the  action  of  compressed  oxygen. 

d.  The  evil  effects  of  diminution  in  atmospheric  pressure  are 
effectually  prevented  by  the  respiration  of  an  air  sufficiently 
rich  in  oxygen  to  maintain  this  gas  at  its  normal  tension  of  20.9. 

The  effects  of  increase  in  ]>rGssure  can,  in  like  manner,  be 
avoided  by  a  suificient  diminution  in  the  proportion  of  oxygen 
to  a  tension  of  20.9. 

e.  In  a  general  way,  respirable  and  noxious  gases  (oxygen  and 
carbonic  auid,  for  example)  act  on  living  beings  according  to  the 
ten.iion  they  possess  in  the  atmosphere  containing  them.  This 
tension  is  (Ictormined  by  niultijilying  their  percentage  by  the 
barometric  pressure.  Increase  in  one  of  these  factors  may  be 
compensated  by  diminution  in  the  other. 

/.  In  animals  with  closed  air-bladders  (as  ordinary  fishes)  or 
those  with  sacs  which  only  communi('ate  with  air  when  empty- 
ing (intestinal  canal  of  aerial  vertebrates),  and  also  those  with 
sacs  which  communicate  with  air  both  during  compression  and 


rt'Iuxulion  ( longs  of  aorial  vurtohrares),  (looreuse  or  incrcaBO  of 
I»r^.•c^ury  L-aii  ouly  bavu  pbvHicij-niec'liaiiiual  effuctB. 

17.  SiiiidtMi  release  fri)tn  prefwure  of  iiiatiy  atniospliLTPH,  with 
low  txceptions  as  in/,  cauBcs  evolution  of  free  nitrogen,  which 
wus  jtrcviously  Jiasolvcd  in  the  blood  and  tiiwues. 

A-  Wild  animals  all  over  the  globe  arc  accommodated  to  the 
teusiou  of  oxygen  under  which  they  live.     Dccrca«e  or  iuci-ease 

»nf  pr^.■^*^lr^■  from  the  normal  aflectB  them  injurioualy  when  they 
Kre  in  henUh. 
Thiinipeutics  might  draw  a  useful  lesson  from  these  niodifiea- 
tioti0  in  pathological  conditions. 

i.  Ihiroinctric  pressure  and  percentage  of  oxygen  iu  air  have 

n<tt  always  Ijoen  iliu  Banie.     The  tennion  nt*  this  gas  has,  and 

without  doubt  will  continue  to  <Iirninisli.     That  is  a  factor  of 

which  no  count  has  yet  been  Ijikt-n  in  biological  ppeciilalions. 

^  The  dtfterenco  in  il«  powers  under  different  tensions  leads  to 

■  the  euppo»itiou  that  the  microscopic  creatures  which  wew  the 
^HDnt  to  apiH-iir  will  be  the  last  to  pa^s  away  wLeu  life  h  extin- 
^R^fihed  trom  the  insufficiency  of  oxygen  for  the  continuation  of 

Its  support. 
j.  The  common  statement  is  not  tnie  that  plant  life  must  have 
H  appeared  oti  the  globe  before  animal  life,  in  order  to  purify  it 
Hfrom  the  great  quantity  of  carbonic  acid  gas  it  contained.  The 
H^t  ia  that  germiiiatton,  except  in  the  case  of  a  few  moulds, 
H  cannot  take  place  in  air  suthcienily  uharged  with  carbonic  acid 

■  gas  to  be  fatal  to  a  hot-blooded  animal. 

It  in  not  righj  to  explain  the  priority  iu  appearance  of  roptilosi 
before  hot-blooded  animal8,  on  the  hypothesis  tliut  they  can 
breathe  an  air  richer  in  carbonic  acid  gas  than  aniinalti  can. 
The  truth  is,  reptiles  succumb  to  this  gna  more  readily  than  either 
binls  or  n  mm  mats. 


SECTION   V. 

ULTRA-GASEOUS  OR  RADIANT 
MATTER. 


CHAPTER    XVII. 

GENERAL  AND  SPECIAL  PROPERTIES  OP  RADIANT  MATTER. 

Idea  of  radiant  mutltT  descondpd  from  Fnrnduy — Crtxiko'a  at^ument  for  mdisnt 
matter — Crtvjke's  (>xplftiiation  of  the  kinolic  theory  of  gases — Action  of 
mdionictcr  exgilaiiit^d — Rxti^^nt  of  mean  froe  yyaih  of  the  molecules  in  rsdiHiit 
niittter — Radiant  umttor  exerts  pliosgenic  action  where  it  strikes — Froceedi 
in  straight  lines^ — Intorceptpd  by  solid  mutter  casts  u  shadow — Radiant  matter 
strikini;  a  solid  jirnduccs  clianijc  therein — It  cxerls  mechanical  action  whon- 
it  strikes — Is  dctlectcd  by  tlie  magnet — Rtidiunt  mutter  produces  heat  whtn 
its  motion  is  arrested — Tlie  molecule  the  true  iniitter — Tho  absolute  vacuum 
tube. 

The  following  account  of  ultra-^eous  or  radiant  matter  is  an 
abstract  of  a  lecture  given  by  Professor  Crookes  before  the 
British  Associatiou,  on  August  22,  1879,  and  of  articles  pul>- 
lished  since  that  date. 

254.  dea  of  Radiant  Matter  Descended  from  Faraday. — In  a 
lecture  delivered  by  Faraday,  in  1816,  we  find  the  first  use  of 
the  term  radiant  matter.  lie  says,  "if  we  conceive  a  change  ae 
far  beyond  vaporization  a.t  that  is  above  fluidity,  and  then  take 
into  account  also  the  proportional  increased  extent  of  alteration 
as  the  changes  rise,  we  shall,  perhaps,  if  we  can  form  any  con- 
ception at  all,  not  fall  fiir  short  of  that  of  radiant  matter;  and 
as  in  the  last  conversion  many  qualities  were  lost,  so  here  also 
many  more  would  disappear." 

In  1810,  Faraday  says,  "matter  may  be  classed  into  four 
states,  solid,  liquid,   gaseous,  and  radiant."    lie  adds: 

"As  we  ascend  front  the  solid  to  the  fluid  and  gaseous  states, 
physical  properties  diminish  in  number  and  variety,  each  state 


wmp  some  of  those  whicli  lji;l<>n;L;o(I  to  the  preceOin^  slate. 
AVheii  BolidH  are  cunvL'rteil  into  thiiiirt  all  the  varietits  nf  liarU- 
nesf  and  softness  are  necessarily  lo«}t.  Crystalline  and  othor 
sUapes  art  tloslroycd.  Opncity  and  color  IK'uucntly  givo  way  lo 
a  colorless  irunapareucy,  and  a  great  mobility  of  partiek>H  is 

»cou("errv<J." 
•*  Pais»iiig  onward  tn  the  pai^conB  Atatc,  atill  more  of  the  evident 
churadera  of  bodies  arc  annihilated.     The  inimoiisc  differences 

rill  their  weight  almO!<t  dii>;t}ii)ear.  The  remains  ofditlereucee  in 
color  that  were  left  are  lost.  TratiBparcncy  becomes  universBl, 
and  they  are  all  elastic.  They  now  form  Imt  one  set  of  euh- 
Riatiees,  and  the  varieties  of  density,  hurdiiet^a.  opacity,  color, 
olastifity.  and  form,  which  render  the  niimlter  of  sonda  and 
lluidk  almost  iiitiuito, arc;  now  supplied  by  a  few  slight  variations 
in  weight,  and  some  unimportant  shade?!  of  color. 

r"To  thow),  therefore,  who  admit  the  radiant  form  of  matter 
Do  diKieiilty  exiHtein  the  simplicity  of  tlie  properties  it  possesacs, 
hot  mther  an  argument  in  tlieir  fiivor.  These  p»>rson»  show  y(»n 
a  . cm  dual  resienntion  of  properties  in  the  matter  we  can  appre- 
nute,  H«  the  matter  attcenfl(«  in  the  Bualo  of  forms,  and  they 
would  be  surprised  if  that  eftect  were  to  cease  at  the  gaseous 
I  state.  They  |K)int  out  the  greater  cxcrtioiitt  which  nature  makes 
at  each  step  of  the  change,  and  think  that  consistently  it  ought 
lo  be  >;realet>t  in  tlie  paeuage  from  the  gaseous  to  the  radiant 
I  form." 

Crooke's  Arg^ament  for  Radiant  Matter. — 'M4uses  are  now 
isidered  to  be  oi  imposed  of  an  iilinost  infinite  number  of  small 
I'articlea  or  molecules,  which  are  eoustantly  moving  in  every 
direction   with  velocities  of  all   coTuteivable   magiiilndew.      As 
tha»o  moloculea  are  exceedingly  numerous,  it  follows  that  no 
[  liiulecuto  can  move  far  in  auy  direeti^Mi  without  coining  in  con- 
it  with  some  other  molecule.     But  if  we  exhaust  the  air  or 
contained  in  a  closed  vessel,  the  number  of  molecules  be- 
diminishcd.  and  the  distance  through  which  any  one  of 
eaii  move  without  coming  in  contact  with  another  is  in- 
;reaffed.  the  length  <tf  the  mean  free  path  being  inveracly  pro- 
'portioimi  lo  the  number  of  nioli'ciilos  ])rescnt.    The  further  thin 
procwsu  t«  carried,  \\\v  longer  becomes  the  average  diutauce  a 
molecule  can  travel  before  entering  into  colli-sion;  or,  tn  other 
words,  the  longer  its  mean  free  jmth.     The  greater  the  mean 
free  path,  t)ie  more  the  physical  properties  of  the  gas  or  air  are 
TucMliHed.     Tbn.4,  at  a  certain  point  the  phenomena  of  the  radio> 
meter  l)ecomepofiaible.  On  iiushiiigtlie  rarefaction  still  further — 
t.  r.,  decreasing  the  number  of  mo^oeulos  in  a  given  space,  and 
lengthening  their  mean  free  path,  now  and  extraordinary  experi- 
meDUl  results  are  obtainable.    So  distinet  ara  these  phenoiiiena 
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from  anything  which  occurs  in  air  or  gas  at  the  ordinary  teosion 
that  we  are  led  to  assume  that  we  are  here  brought  face  to  face 
with  matter  in  a  fourth  state  or  condition,  a  conditioD  as  &r  re- 
moved from  the  state  of  gas  as  gas  is  from  liquid." 

"  There  is  one  particular  degree  of  exhaustion  more  favorable 
than  imy  other  for  the  development  of  the  properties  of  radiant 
matter.  Koughly  speaking,  it  may  be  put  at  the  millionth  of 
an  atmosphere.  At  this  degree  of  exhaustion  the  phosphorescent 
effects  are  very  strong,  and  afler  that  they  diminiab  until  at  lust 
the  spark  refuses  any  longer  to  pass." 

266.  Crooke's  Explanation  of  the  Kinetic  Theory  of  Oaaw. — ^Id 

dealing  with  thi^j  and  with  the  properties  of  radiant  matter  we 
quote   largely  from  Prof.  Crookes's  own  words.     He  says,  it  is 
not  easy  to  make  clear  the  kinetic  theory,  but  we  will  try  to 
siniplifv  it  in  this  way  :  Imagine  that  we  have  in  a  large  box  a 
swarm  of  bees,  each  bee  independent  of  its  fellow,  flying  about 
in  all   manner  of  directions  and  with  very  different  velocitieB. 
The  hecs  are  so  crowded  that  they  can  only  fly  a  very  short 
distance  without  coming  into  contact  with  one  another  or  with 
the  sides  of  the  box.     As  they  are  constantly  in  collision,  eo 
they  rebound  from  each  other  with  altered  velocities  and  in 
diflerent  directions,  and  when  these  collisions  take  place  against 
tlie  sides  of  the  box  pressure  is  produced.     If  we  take  some  of 
the  bees  out  of  tlie  box,  the  distance  which  each  individual  bee 
will  lie  able  to  fly  before  it  comes  into  contact  with  its  neighbor 
will  be  greater  tlian  when  the  box  was  full  of  bees;  and  if  we 
remove  a  great  many  of  Jhe  bees  we  increase  to  a  considerable 
cxteTit  the  average  distance  that  each  can  Hy  without  a  collision 
This  distance  we  will   call  the  hces' mean  free  path.     When  the 
bees  arc  numerous  tlie  mean  free  path  is  very  short;  when  the 
bees  are  tew  the  mean  free  path  will  be  longer,  the  length  being 
inversely  proportional  to  the  number  of  bees  present.     Imagine 
a  loose  diaphragm  introduced  in  the  centre  of  the  box  so  as  to 
divide  the  number  of  lices  equally.     The  same  number  of  bees 
being  on  each  side,  the  impacts  on  the  diaphragm  will  be  equal, 
and  the  mean  speed  of  the  liees  being  the  same,  the  pressure 
will  hv.  identical  on  each  side  of  the  diaphragm  and  it  will  not 
move. 

Let  us  warm  one  side  of  tliis  division  so  as  to  make  it  com- 
municate extra  energy  to  a  bee  when  it  touches  it.  As  before, 
a  bee  will  strike  the  diaphragm  with  its  normal  mean  velocitj*, 
but  will  be  driven  back  with  extra  velocity,  the  reaction  produc- 
ing a  ]iresHure  on  the  diaphragm.  It  will  be  found,  however, 
that  although  the  diupliragm  is  free  to  move,  tlic  extra  strength 
of  the  recoil  on  the  warm  side  does  not  produce  any  motion. 
This  at  first  siehl  seems  contrarv  to  the  law  of  action  and  reac- 


tion  being-  equal.     The  explHuatioii  U  not  difficult  to  under8t«n<l. 

iTIio  !>eus  wliich  fly  away  from  iliu  iliii|ihro*riii  haw.  ilmwri  crierpy 
from  it,  and,  therefore,  move  quicker  tliiin  thow  which  arc 
fSomiiig  towards  tl ;  they  Iw-at  back  the  crowd  to  a.  grculcr  dUl- 
fencc,  and  keep  a  greater  tinnilxT  from  ^triknig  the  diaphragm. 
Near  to  the  htated  side  ot*  the  diaphragm  tlie  density  is  Icsn 
Uian  the  average,  while  lieyund  the  tree  path  tlie  density  ']» 
mbove  the  average,  and  ihin  greater  crowiiing  extends  to  nil 
^otlt«r  parts  of  the  hox.  Thus  it  happens  tJ»rtt  tbe  exlii»  energy 
>f  the  impoetft  aguinat  the  warm  side  of  the  diaphragm  ia  exactly 
contpennated  hy  the  increased  number  of  impacts  on  the  cool 
^<idc.  In  spite,  iherefoit?,  of  tJiu  increased  activity  communieated 
Ito  a  poriinri  of  the  l»ec»,  the  presdurt!  on  the  two  siden  of  tbe 
'diaphragm  will  remain  tlie  ti'aine.  This  represents  what  occurs 
'  wheD  the  extent  of  tlie  box  entitainiiig  tlie  bees  is  80  great  coin- 
|p«red  with  the  mean  free  jiath.  that  the  abrupt  cliange  in  the 
JTclocity  of  those  bees  whicii  rebound  from  the  walls  of  the  box 
Iprodoces  only  an  insensible  intiuence  <ni  the  motions  of  bees  at 
•0  groat  a  distance  as  tbe  diaphragm. 

SJ7.  Aotioa  of  Kadiometer  Explained. — Imagine  That  wc  gredually 

remove  l>eeH  fi*um  the  box,  ittill  keeping  tbe  diapliragm  warm 

on  one  side.     Tbe  bees  getting  fewer,  the  collisioiif*  will  become 

lew)  frequent,  and  the  distance  each  bee  can  tly  before  striking 

its  neighbor  will  get  longer  and  longer,  and  the  crowding  in 

front  of  tlieni  will  grow  less  and  loss.     The  compensation  will 

Also  diminii^h,  and  the  warm  side  of  the  diaphragm  will  liave  a 

tendency  to  be  heatcn  hack.     A  point  will  at  last  be  reached  on 

the  warm  fide  when  the  mean  fi-ee  path  of  the  bees  will  be  long 

vaoagti  toadtnit  of  tlieir  dabbing  right  a«:ross  from  the  diaphragm 

to  the  side  of  the  box,  witbuiit  meeting  more  than  a  certain 

iiambor  of  inconiing  liees  in  their  tlight.     In  this  case  the  bees 

will  no  longer  fly  quite  in  the  same  direction  us  before.     They 

will  now  fly  less  sideways,  and  more  forwai'<ls  and  backwards 

between  the  hfat-tMl  face  of  rho  diaphragm  and  the  oppoi^ed  wall 

[of  the  box.     Becuuse  of  ihi«  prepoiideniling  motion,  and  also 

Jteuan!*i'  tliey  will  thereby  lesf*  eflectunlly  keep  hack  l>ecft  crowd- 

[iiiji;  in  fnnn  tlie  sides,  there  will  now  be  a  greater  |)ro|K)rtionate 

firoasiiro  both  on  the  hot  tucc  of  the  <liapbpagni,  and  on  that 

irt  of  tlie  box  which  m  in  front  of  it.     licuce  the  pressure  on 

the  hot  side  will  now  oxeoed   that   on   the   cool   side  of  the 

tiliaphriigm,  which  will   consequently  have  a  backward   move- 

piiuMit  ctMiiiiiiinicated  to  it. 

Wo  may  diminish  the  ftxr.i-  of  the  heei  as  much  a;*  we  like,  and 
by  correspondingly  increu.sing  their  nunilier  the  mean  iVee  path 
1^11  remain  the  same.  Instead  of  bees  let  us  call  them  mole- 
<nU»,  and  iustond  of  having  a  few  hundreds  or  thousantU  let  us 
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have  billions  or  trillions ;  and  if  we  also  dimiDish  the  mean  free 

path  to  a  considerable  extent  we  get  a  rough  outline  of  the 

kinetic  theory  of  gases. 

Tke  explanation  of  the  movement  of  tlte  radiometer  is  this.    The 

interior  of  the  glass  vessel  heinq  kighltf  vaeiious,  the  light  or  ike  laH 
bioulle.   of  rai/3   included  in   the  term  light,  faJlatg 
Fio  fl:j.  Mywn  the  bhrkened  side  of  the  vanes,  becomes  absorbeil, 

and  thereby  raises  the  temperature  of  the  black  sidi ; 
this  causes  extra  excitement  of  the  air  molecules  wbieh 
come  in  contact  with  it,  and  pressure  is  jyrodueed, 
causing  the  Jit/  of  the  rcuUometer  to  tarn  rowu/,  tlie 
manner  in  which  the  motion  originates  being 
similar  to  that  deacribed  in  the  latter  part  of  the 
first  paragraph  of  this  article. 


258.  Extent  of  Mean  Free  Path  of  Moleoolei  i& 
Radiant  Matter. — Regarding  this  subject  Prof. 
Crookea  says:  The  mean  free  path  of  the  mole- 
cules in  air  at  the  ordinary  pressure  is  die 
ttn-thousandth  of  a  millimetre.  I  have  long, 
believed  that  a  well-known  appearance  in 
vacuum  tubes  is  closely  related  to  the  mean  free 
patli  of  its  molecules.  If  the  negative  pole  is 
exaniiued  while  the  discharijc  from  an  induction  coil  is  passing 
tlirmi<;!i  an  oxiuiustod  tube,  a  dark  space  i^  seen  to  surround  it. 
Tliis  (lark  spa<-'c  increases  and  diniiuishes  as  the  vacuum  is 
viiried. 

For  the  purpose  of  illustrating;  the  mean  free  path,  the  iostru- 
nient  called  the  "dark  space  tube,"'  Fig.  94,  has  been  contrived. 

It  lias  a  pole  in  the  centre  formed 
of  a  metallic  disk,  and  platinum 
wire  poles  at  each  end.  The  centre 
p{>Ie  is  nnide  negative  and  the  ter- 
minal poles  positive.  The  induc- 
tion coil  is  then  set  in  acti<ni. 
When  the  pressure  is  a  few  niilli- 
metrcr*  i)f  mercury,  a  halo  of  vel- 
vety light  covers  the  surface  of  the 
pole;  as  the  pressure  diminishes, a 
dark  S|)ace  appears  which  se|)aratL's  tliis  light  from  the  surfiiceof 
tlie  metal.  When  the  exhaustion  is  very  good  the  dark  space 
extendr^  for  a  couple  of  inclies  on  eacli  side  of  the  central  pole, 
as  is  sliown  in  the  figure. 

Here  we  perceive  the  induction  spark  actually  illuminating 
the  lines  of  molecular  pressure  caused  by  tlie  excitement  of  the 
negative  pole.  The  thickness  of  this  dark  space — nearly  two 
inches— ris  the  measure  of  tlie  mean  free  path  between  successive 
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ifiion  of  the  mnlfciilcs  of  ilie  residual  gas.      The  extra 

Felccitv  vvilli  w  Ini-h  lijf  iR-^Hlivelv  L'K'L-tritiu'U  nuileouU'w  rL-himml 

>oni   Aio  fXcitw!   |ioU-,  ki.'t.'p»   hack   ihe  more   slowly  moving 

[niokrules  n-htch  arv  uUvaiK-ing  lowunis  thut  iiole.    The  cunflK-t 

;cara  ut  tho  boundan'  of  Uiu  durk  e]itLt'e, 'wiiot*  the  luminous 
Tnurpin  hours  witnt^ss  to  the  t-ncr^y  ol  the  disirharge. 

Tliu  iiiantiur  iti  which  tho  dark  xpucu  fonn»  iiiuy  \)c  ini'ilutcd 
hy  ilu'  tolliiwin^  cx|K'rinicm :  Ltrt  »  Btrcnni  of  walt-r  tiill  rrf)ni  a 
fiiK- j*-t  on  ihi;  coiilri!  of  a  honzotital  uhe^l  of  glass.     The  water 

trfads  over  the  plulu  and  forms  a  thin  ti]in.  Tho  jet  »i'  water 
)n  the  centre,  from  the  velocity  of  its  lUlI,  drives  the  tilin  of 
«uler  before  it  on  all  side^,  raieJn^  it  into  a  rin^-»ha]ied  heap. 
At*  the  force  of  tlie  jc-t  is  iiicTeiiscd,  the  ring  t'xpiinds  in 
diameter,  the  etlbct  being  analogous  to  a  greater  exliaustion  in 
the  lubes.  The  e.\tra  velocity  of  the  failing  iiarttcles  of  water 
drives  the  incoming  water  belorc  thi;m,  unil  raises  a  ridge  which 
exactly  repreBents  the  luminous  halo  on  tlie  margin  of  the  dark 
B]moe  in  the  tube. 

259.  Badiaat  Hatter  Ezertt  Photgenic  Action  where  it  Strikes. — 
Certain  preei'-ii^  fsloiies,  ;ih_tlK'  iIuimkiihI,  ruhy,  fia|i|ihire,  pi>«.seK8 
the  power  of  emitting  light  when  sub- 
mitted  to  the   aetion   ot    the  electric  F'o-  »S. 
ctii«charge.    Other  substances,  a»  corun- 
du[n,  iireeipitated  alumina,  Beeiiiierel's 
luminnuH    KnlphidcM,    nraninnx    glaes, 

^Knd  English  and  German  glft>*s,  also 
{HM«csH  ihie  pri>|)erty.  In  illLihlration 
of  the  power  of  radiant  matter  to 
develop   phoflpliorescence  when    it    is  Biii.jn.i* 

un<lor  the  influence  of  elcctrlL-ily,  Fro- 

l^»or  t'rookes  haa  devised  the  apparnrns  called  tho  "rnhy  tnhe." 

It  is  of  the  form  represenled  in  Fig.  MS.     In  the  lorte r  part 

iG  chemically  jiure  i)recipitate<l  alumina,  or  other  phospho- 

aCBub»tance,it*  placed.    The  terminals  of  the  coil  look  down 

upon  this  tnaierial.  and  the  lube  ie  exhnut<ted  to  about  one- 

taillioitili  of  an  atmo.-«pherc. 

The  moment  the  euil  \»  put  in  action,  the  alumina  glowB  with 

a  bright  red  light.     Other  tipeeimens  of  nluniiini,  on  the  cod- 

—■tniry,  emit  a  green  light.    Diamonds  are  found  to  give  brilliaot 

Bcolors  of  various  hues — blue,  apricot,   red,  yellowish,  green, 

orange,  and  dark  green.     The  glass  of  which  the  apparatus  for 

itlu^truling  the  pro[K>rtied  of  railiant  matter  is  made,  emits  a 

dillt'retii   eolur  ucconling  ti>   ib^   eiHiip<mitiou.     ITranium   glaRs 

pvism  a  dark  green  color :  Kngti^h  gla^s,  n  blue ;  and  the  eofl 

Tternian  glara,  of  which  most  of  tho  instruments  are  made, 

bright  apple-green  color. 
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260.  Badiant  Matter  Proceeds  in  Straight  Linet. — ^In  the  ordi- 
nary phenomena  exhibited  b}'  vacuum  tubes,  it  is  cuatomarj, for 
the  more  striking  illustration  of  their  contrasts  of  coior,  to  have 
the  tubes  bent  into  very  elaborate  designs.  The  positive 
luniiuosity  caused  by  the  phosphorescence  of  the  reaidaal  gas 
follows  all  the  convolutions  and  designs  into  which  the  glass  is 
twisted.  The  negative  pole  being  at  one  end,  the  positive  at  the 
other,  the  luminous  phenomena  seem  to  depend  more  on  the 
positive  than  on  the  negative  pole  at  exhaustions  such  ae  have 
hitherto  given  the  best  phenomena  of  vacuum  tubes.  The  two 
bulbs,  Fig.  96,  are  alike  in  shape  and  position  of  poles,  the  only 

Fio  01). 
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ditferonce  being  tliat  one  is  at  an  exhaustion  equal  to  a  fe\*' 
milliinetres  of  mercury — such  a  moderate  exhaustion  as  will 
trive  stratiticationa  or  the  ordinary  luminoua  phenomena — whilst 
the  other  is  exhausted  to  about  the  millionth  of  an  atmosphere- 
Connect  the  moderately  exhausted  bulb  with  the  induction-coil, 
and,  retaining  the  pole  at  one  side.  A,  always  negative,  nut  the 
positive  wire  successively  to  the  other  three  poles,  BCD,  with 
which  the  bulb  is  furnished.  As  the  position  of  the  positive 
pole  is  changed,  the  line  of  violet  light  joining  the  two  poles 
changes.  In  this  moderately  exhausted  bulb,  therefore,  the 
electric  current  always  chooses  the  shortest  path  between  the  two 
poles,  and  moves  about  the  bulb  as  we  alter  the  position  of  the 
polar  wires. 

Repeat  the  same  experiment  with  a  tube  that  ishighly  exhausted, 
and  as  before  make  the  side  pole  A  the  negative,  the  top  pole  B 
being  positive.     Notice  how  widely  different  is  the  appearance 
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mm  that  Bhown  by  the  Inst  hnlb.     The  negative  pole  is  in  the 

;^rm  of  a  rthalluw  cup.     Tiiv  liundk-  vt'  ruvH  IVuni  the  L'lip  vrotsi*!; 

Ib  the  centre  of  the  hulk  and  thence  irivergin^,  falls  un  the 

p{)po«il«  side  as  a  cinular  patch  of  green  light,     lieinuve  the 

uaitive  wire  frnin  Uie  tnp  uikJ  connect  it  \s'ith  the  bide  polo  C 

he  green  patch  (Vom  the  diTorgenl  negative  t'ucu*  is  still  theie. 

Ittko  the  lowci^t  p(i]e  l)  pottitive,  Ihc  green  pateh  still  reniuiMB 

rluTc  it  vva«  at  first,  niicMuuigod  in  position  or  intensity.     It"  the 

egative  pule  poiuL4  ill  the  directiou  of  the  |>usitive  all  very 

Fell,  bnt  if  ihe  negative  pole  is  ontirely  in  the  opposite  diree- 

Ion  it  does  nnt  mutter:  the  line  of  rnys  is  still  projet-ted  in  n 

Iraight  path  fi-oiu  thy  negative  [lole. 

261.  Badiant  Hatter  Intercepted  by  Solid  Matter  Oasts  a  Shadow. 
—The  appuratna,  Kig.  97,  atiorde  additionul  evidence  ot  lite  fiaet 

lut    rudiiini     mutter    moves    in 
traiglit  \\uv».     In  the  middle  of  P"*-  •*'■ 

the  pear-t'linped  vi'snel  is  a  frosw, 

B,  of  thin  sheet  alnmlinum.     Tl 

b  made  the  potiitive  pole.     Thu 

■cgulivcpolc  isut  A.  In  putting 
u  coil  in  action  the  rays  from 
c  negative  pole  pnws  along  the 

nhc.  and  falhng  up<m  the  broad  . j 

nd  C  pn>dueo"|'hosphore«eence.  su4owmi>«. 

n  ihiis  phoriphon-^eciiee  a  shadow, 

),  of  the  erods  appears,  proving  not  only  that  the  radiant  matter 

lUM  moved  in  Ktraigitt  linen  from  which  it  doe^  not  depart,  but 

jiio  (hat  it  is  not  a  mere  eleelrieal  action,  for  this  would  uease 

>t  the  metallic  Hurfac-o  which  ie  the  other  pole. 

262.  Radiant  Matter  Btriking  a  Solid  Prodaces  Change  Theroin. 
—In  the  preceding  experiment  ilie  ernss  produce«  a  dark  Hhadow 
9tt  a  brigln  Iiaekgroimd.  If  t)io  action  is  continued  for  some 
inie  the  brighlne»!4  of  (he  phosphoreKcence  gradually  diiniiii^heK 
Liid  almoKl  tlii'aitpeari.  If  at  iliit)  jxiint  the  ito^'H  wbicli  U  ^up- 
•ortc^l  on  a  hinge  is  thrown  out  of"  the  path  ot"  the  radiant 
uutter  l>v  a  sudden  movement,  tliepiirtsof  (he  class  which  have 
litherto  lieen  protected  and  dark,  instantly  flasn  out  in  brilliant 
lio>*phoreBcenco.  and  a  bright  imago  of  the  croaa  appears  on  a 
lark  background.     In  its  turn  thi.s  also  tiiially  disappearit. 

These  facts  demonstrate  (hai  the  buileriiig  of  the  niolecnU-s 
f  the  radiant  material  upon  the  surtiice  of  the  glass  producer 

change  therein.  The  exliausiion  in  thiti  tube  is  much  more 
effect  than  in  the  dark  space  tube  ;  the  molecules  not  only 
naaing  throughout  Its  M'hole  lengtli,  hut  striking  with  sudi  force 
111  the  wide  end  that  its  temporuturc  rises  in  consequence. 
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263.  BitdiaDt  Matter  Exerts  Keohanioal  Aotion  where  it  Stnkn. 
— Tt>  the  »i>pumtu>*  reprwi'mfd  in  Fig.  1)8,  Prof.  Crooke?  Ii»» 
givfii  lilt'  uumu  of  liie  railway  tube.  At  either  i?nd  on  liiy  ii|>|"rf 
imrt  are  the  terminals  of  the  uoil.  On  a  glass  tramway  aiitilr 
belun-  the  axis  of  the  tube,  a  delicately  bulaueed  wheel  is  pbc^d. 
Ita  ax\a  revolves  on  Uiu  traiuwuy  and  iho  sjiokcs  of  tlic  nb^t 

Flu.  U8. 


terminate  in  rectangular  vanes.  When  tlie  coil  is  put  in  action 
the  radiant  matter  projected  from  the  negative  pole  pasfie*  along 
the  upper  part  of  tlie  tul>e.  In  ilH  past>age  it  strikes  upon  the 
vanes  of  the  upper  part  of  the  wlieol  with  bo  much  foree  that 
the  wheel  U  set  in  rapid  rotation,  and  <lei^pite  the  smallnew  of 
the  circumference  of  tlic  axis  on  whicli  it  is  revolving  poese^ 
quickly  to  the  terminus  of  the  track.  Reversing  the  poles,  "  " 
wheel  passes  in  the  opposite  direction. 

264.  Radiant  Matter  is  Defiected  by  the  Magnet. — Fig.  9d  rep 

Bents  II  low  vacuum  tube,  lieneuth  wliicli  un  electro- magnet  I 
been  placed.  On  passing  the  induction  spark  it  assumes  t 
form  of  a  narrow  line  of  violet  light  connecting  the  two  poU 

Fiu.  OT. 


AcDua  of  amgMi  m  lov  nnam  n*a. 

of  the  tube.  The  polar  wires  of  the  electro-magnet  being  thet 
connected  with  a  voltaic  battei*y,  the  line  of  light  instantfy  dips 
down  towards  the  magnet,  hut  quickly  rises  again  and  pursues 
its  original  course.  An  essential  point  in  connection  with  the 
phenomena  produced  is  that  the  df-Heotion  of  the  line  of  light 
only  momeutarv.  Keversing  the  current  in  the  eleclro-magnel 
the  line  of  diseliiarge  is  driven  to  the  upper  part  of  the  tube. 


'IRTIBS    or    RADIANT    MATTER. 
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we  have  a  )ii;;lil.v  cxlmiittteil  tube  with  a  negativo 


I  end,  and  a  1< 


^llOiipti 


^■'UU«« 


(resccnt  ticrccii,  B  C,  down 
entre  of  t)m  tube.  In  t'ruut  of  tliu  uugiitlve  pole  la  u  {jlate 
lea,  B  D.H,-it|]  a  hole,  E,  in  it.  Wlieti  the  current  from  an 
iioD  coil  is  turned  on,  a  line  of  phoi^phorescent  light  is 
cted  along  the  screen  throughout  the  whole  length  of  the 

LFia.   100. 
AftloB  of  tnacMi  on  biirti  tacaon  tubt, 

n  the  tine  E  F.  On  placiug  a  i^trong  magnet  honeath  the 
the  line  of  light  bccomeR  curved  towards  G  under  the 
etic  influence,  and  wa\-es  about  like  a  flexible  wand  aa  the 
et  is  moved  up  and  down.  It  in  especially  to  be  remarked 
he  deflection  is  permanent.  In  the  preceding  case  it  was 
>rar3'.  in  this  ca^e  the  matter  in  the  tube  ha»  uiuiumed  a 
But  condition.  Its  molecules  are  projected  with  great 
ly  and  force  from  one  end  of  the  tube  to  the  other;  it  ia 
It  matter.  In  the  former  cam  [he  molecules  are  vibrating 
exceedingly  smoll  apace,  they  are  inuch  closer  together, 
Jectro-current  |ui»Kcd  along  them  as  along  a  broken  con- 
r,  forming  a  track  of  violet  light.  In  the  latter  case  the 
is  the  result  of  the  impact  or  striking  of  the  molecules 
n  pho«genic  surface,  and  is  of  a  diHcrcnt  color. 

.   Produces  H«at  When   Its   Motion  is  Arrested. — It   has 
state*]  that  when  radiant  matter  strikes  upon  glass,  and 
icea  green  phosphorescence,  after  a 
time  the  gla^s  becomes  warm.    For  Pio.  101. 

'ation  of  the  intciinity  of  the  heat 
icedf  the  adjoining  tulic  was  con- 
I.  Tlie  negative  pole,  N,  terminates 
enp,  A.  At  the  focus  of  curvature 
)  cop,  B,  (here  is  a  small  aqiiare  of 
sheet  platinum.  The  positive  tor- 
is  at  I*.  On  putting  the  coil  in  ac- 
iiu  radiant  matter  Ib  thrown  olTfrom 
legative  pole  in  converging  lines, 
imectat  tnefocnsunon  tlic  platinum. 
few  moments  thia  becomes  red-hot, 
f  the  coil  is  of  the  right  kind,  atid  of 
ent  strength,  not  <tn]^v«h<'t't  platinum, 
U<i  the  highly  infusihlf  iriilium-pla- 
1  may  be  forced  to  melt. 


IMIul  a^lar  |inaliK<<B  liMl 
whw*  II  itHkoa. 


IS 
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266.  The  Molecule  the  True  Matter. — In  siimmine  up  h\»  won- 
derful results  regarding  nulJAiit  matter.  Prof.  Crotiki^  Bari: 
''Matter  ill  llio  fourth  slate  is  ilie  ultimate  rcfliilt  of  ■/ 
pflti«ioii.  By  great  rarofnction  the  free  palh  of  \\h- 
K  iiiadt>  Bu  lung  thai  the  liil(>  in  u  given  lime  iimy  be  (ii:  i'  l  .;  ,>-(l 
in  cotiiparisoti  to  the  misses,  i[i  which  ca&e  the  avci-;ig<.  ii».'[e- 
vulc  is  allowed  to  obey  ita  own  motiou  or  laws  witlioui  iIltc^ 
fercnce;  and  if  the  mean  free  path  is  compatible  with  the 
dimensions  of  the  containing  vessel,  the  properties  which  cod- 
iitituto  go&city  are  reduced  to  a  minimum,  and  die  matter  then 
becomes  exalted  to  an  uUra-gascoua  state. 

*'But  the  same  condition  of  thiDgn  will  be  produced^  if  by  auv 
means  we  can  take  a  portion  of  gan,  and  bv  some  e.^traueoua 
force  intuBo  order  into  the  apparently  di.^orclerly  jostling  of  the 
molecules  in  every  direction,  by  coercing  them  into  a  methodical 
recttlinciir  movement.  This  we  have  shown  to  be  the  case  in 
the  phenomena  which  cause  the  movements  of  the  radiometer, 
and  I  have  rendered  such  motion  vi.siblc  in  my  later  rcAearcbes 
on  the  negative  discharge  in  vacuum  tubes.  Iii  the  one  case  the 
heated  lampblack,  and  in  the  other  the  electrical]}*  excited  nega- 
tive pole  fiupplicp  the /orrc  m(y>Fnr,  which  eritirdv  or  i»iirtial!y 
change!*  into  a  rectilinoar  motion  the  irregular  vibration  in  all 
directions;  and  aceordint;  to  the  extent  to  which  this  onward 
movement  has  replaced  ilie  irregular  motions  which  constitute 
the  essence  of  the  gaseous  lonultion,  to  that  extent  do  I  con- 
aider  that  the  molecules  have  astsumed  the  condition  of  radiant 
matter." 

Beiwocn  the  third  and  fourth  states  there  is  no  sharp  line  of 
demarcation,  any  more  ilian  there  \fi  between  solid  and  liquid 
states,  or  liquid  and  gaseous  states;  they  each  merge  insensibly 
one  into  the  other. 

These  c«tri>iidcratintiB  lead  to  another  and  curious  speculatioti. 
The  molecule— intangible,  invisible,  and  hard  to  be  conceived — 
is  tlie  only  tnif  matter,  and  that  which  we  call  matter  ia  nothing 
more  than  the  ctt'ect  upon  our  senses  of  the  nmvements  of  mole- 
cules, or,  as  John  Stuart  Mill  cxprcifscs  it,  "a  pcrnmiieut  possi- 
bility of  sensation."  Space  covered  by  the  motion  of  molecules 
has  no  more  right  to  be  called  matter,  than  air  traversed  by  a 
rifle-bullet  can  be  called  lead.  Fi*om  this  point  of  view  then, 
matter  is  hut  a  mode  of  motion;  at  the  absolute  zero  of  tem- 
perature tlie  iiiter-Miolecular  movement  would  stop,  and  although 
somdhmg  retiiining  the  properties  of  inertia  and  weight  would 
remain,  maita-  as  we  kiiOM-  it  would  cease  to  exist. 

267.  Absolute  Vacuum  Tube. — ^Aceording  to  Prof.  Crookcs,  the 

{►hoBgeuic  action  -jf  radiant  matter  is  best  obtained  by  an  ex- 
lauslion  to  one  millianth  of  an  atmosphere.    Both  above  and 
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below  this,  the  action  Is  lesB  intense.  Indeed,  if  exhaustion  be 
pashed  as  he  has  succeeded  in  doing  to  one  twenty-millionth 
of  an  atmosphere,  the  ordinary  phenomena  of  radiant  matter 
disappear. 

In  illustration  of  this  fact,  tubes  are  prepared  in  which  ex- 
haustion 18  carried  to  the  extreme  of  which  chemical  processes 
are  capable.  Tubes  so  prepared.  Prof.  Crookes  calls  absolute 
vacuum  tubes.  These  tubes  are  less  than  one  inch  in  diam- 
eter, and  about  four  inches  in  length.  Platinum  poles  pass 
from  their  extremities,  and  terminate  about  one-eighth  of  an 
inch  from  each  other  in  the  interior.  On  making  connection 
with  an  induction  coil,  and  throwing  it  into  action,  the  elec- 
tricity does  not  pass  between  these  terminals ;  but  if  secondary 
terminals  are  placed  in  the  air,  the  spark  will  pass  between 
them  though  they  are  more  than  an  inch  apart. 

Though  electric  manifestations  fail  to  traverse  the  limited 
distance  between  the  terminals  in  these  tubes,  light  traverses 
the  tube  in  every  direction  with  the  same  facility.  It  is,  there- 
fore, evident  that  some  form  of  matter  still  remains  in  the  tube, 
though  it  is  not  one  favorable  to  electric  manifestations.  Pos- 
sibly it  may  be,  or  approximate  to,  that  universal  form  of  matter 
which  pervades  all  space,  and  to  which  the  name  of  ether  has 
been  given  (26). 


PART  II. 


ENERGY  AND  ITS  FORMS. 


POTENTIAL  ENERGY-ATTRACTION. 


CHAFTEK   1. 


XNKRQY  ANO  FORCE. 

;  cn^rKj'— Pnt4>iitiii1  and  kinetic  QDvrg^ — TrantfanitKtion  of  »TUtgj 
rslion  uT  «iiergy— U«f|^(laUon  or  enei^y— DiMipstloD  of  tOMgy — 
Babdlvitions  vf  onergy — IdtM  nguriling  foroti. 

266.  Ideas  Regarding  Energy. — An^-  ag<eiit  capablu  of  doing 
Work  is  dttid  In  posjicw  energy.  The  quantit}*  of  energy  fa  ex- 
prcBscd  by  the  work  it  cun  do  ^2%).  The  most  concise  uescrip- 
tion  of  modern  ideiia  rejfjirdinjr  cncrpy  ia  contained  in  Professor 
Tait'9  work  on  "Ret-ent  Advances  in  Physical  Science."  I 
therefore  give  in  Ihifl  chapter  an  abstract  thereof,  in  ihe  form  of 
&  serieM  of  quotutlonH.     Conceruini;  the  introduction  of  the  idea 

\  of  energy,  rrofessor  Tuit  saye:  "It  is  only  within  eoniparativelv 
recent  years  that  it  has  been  generally  recognized  thai  there  it) 
something  else  in  the  physical  universe  whicli  possesbes  as  liieh 
a  claim  to  objective  reality  aa  matter  posecaacB,  Ibougli  it  is  by 
no  mcaiiB  so  tangible,  and,  therefore,  the  conception  of  it  was 

I  mtiuh  louc:er  in  forcing  itself  upon  tlie  human  mind.  The  so- 
called  'impoiiderableH' — tilings  of  old  supposed  to  be  matter — 
Buch  as  bent,  light,  etc.,  are  now  known  Viy  the  purely  experi- 

I  nienlnl,  and  theretore  the  only  Hufe  melhoil,  to  be  but  varieties 
ot  what  vvc  call  energy — Homeihing  which  though  no(  matter, 
has  AS  much  claim  to  recognition  on  account  of  itn  objective  ex- 
istence as  any  portion  of  nmtter.  The  grand  principle  of  'con- 
wrvation  of  energy,'  which  asserts  that  ao  portion  of  energy 

.  can  be  put  out  of  existence,  and  no  unioiint  of  energy  can  be 

'  bronglit  into  existence  by  any  jiropcss  at  our  command,  is  simply 
■  statement  of  the  invariability  of  the  quantity  of  energy  in  the 
aQivcr»e — a  co[n|>a[iion  statement  to  that  of  tJic  invariability  of 

[the  quantity  of  matter.'* 


232  POTENTIAL    ENERGY. 

269.  Potential  and  Kinetio  Energy. — Professor  Tait  remarks: 
"Wherein  consiete  the  difference  between  a  mass  of  snow  lying 
on  the  mountain  side,  and  the  same  mass  when  it  has  iallen  aod 
rests  in  the  valley  below?  Obviously  the  two  substancea  are 
identical,  except  in  so  far  as  molecular  changes,  such  as  melting, 
may  have  altered  the  state  of  some  portions  of  the  mass  daring 
or  after  its  descent.  Yet  the  elevated  mass  possesses,  in  virtoe 
of  its  elevation  alone,  a  power  of  doing  work  or  mischief  which 
it  has  lost  entirely  when  it  has  descended.  By  the  mere  feet 
then  of  its  elevation,  it  possesses  a  power  which  it  does  not 
possess  when  it  has  fallen.  This  is  called  energy  of  position,  or 
potential  energy." 

"But  when  the  snow  is  detached  from  the  mountain  side,  in 
descending  it  acquires  another  form  of  energy,  depending 
entirely  on  its  motion  ;  and  thus  we  distinguish  between  energy 
of  position  and  energy  of  motion,  or  kinetic  energy." 

Energy,  therefore,  is  of  two  kinds:  kinetic  and  potential. 
A  stone  falling,  a  ritle-buUet  in  its  course,  a  steamship  in 
motion,  all  possess  active  actual  kinetic  energy.  A  stone  on  the 
verge  of  a  precipice,  the  gunpowder  in  a  rifle,  on  the  other 
hand,  have  the  power  of  producing  kinetic  energy ;  therefore 
they  afford  examples  of  potential  or  possible  energy.  The  food 
we  conBume,  and  the  air  taken  into  the  lungs,  in  like  manner 
represent  so  much  potential  energy,  which  appears  as  kinetic 
energy  in  the  muscular  and  other  actions  which  result  in  the 
body. 

In  his  work  on  "  Solar  Physics,"  Lockyer  illustrates  the  ideas 
of  actual  or  kinetic  and  potential  or  possible  energy  by  an 
example  drawn  from  Rocial  life.  "When,"  he  says,  "a  man 
pursues  his  course  undaunted  by  opposition,  unappalled  by 
obstacles,  he  is  said  to  be  a  very  energetic  man.  By  his  energy 
we  mean  the  power  which  he  possesses  of  overcoming  obstacles; 
and  the  amount  of  his  energy  is  measured  by  the  amount  of 
obstacles  which  he  can  overcome,  by  the  amount  of  work  which 
he  can  do.  Such  a  man  may,  in  truth,  be  regarded  as  a  social 
cannon-ball.  By  means  of  his  energy  of  character  he  will 
scatter  the  ranks  of  his  opponents  and  demolish  their  ramparts. 
Nevertheless,  such  a  man  will  sometimes  be  defeated  by  an 
opponent  who  does  not  possess  a  tithe  of  his  personal  energy. 
Now.  why  is  this  ?  The  reason  is  that,  although  his  opponent 
may  be  deficient  in  personal  energy,  yet  he  may  possess  more 
than  an  equivalent  in  the  high  position  which  he  occupies,  and 
it  is  simply  tliis  position  that  enables  him  to  combat  successfully 
with  a  man  of  nmcb  greater  personal  energ^^  than  himself.  If 
two  men  throw  stones  at  one  anotlicr,  one  of  whom  stands  on 
the  top  of  a  house  and  the  other  at  the  bottom,  the  man  at  the 
top  of  the  house  has  evidently  the  advantage. 


"So  in  like  manner  if  two  men  of  equal  personjit  energy 
:onteud  tngctbcr,  the  one  wlio  has  tbc  highest  sociul  pusitiou 
^baa  the  best  chance  of  Bucceeding. 

But  this  high  position  means  energy  nntler  another  form. 
It  means  that  nt  some  rcniolc  period  a  vast  amount  of  personal 
■  fnergy  wan  expended  in  raising  tlut  family  iiiiu  thi^i  high 
M  position.  The  founder  of  the  mmily  had  <Ioulit!e9s  greater 
energy  than  bis  fellow-men,  and  Hpent  it  in  raising  himself  and 
hiB  ramily  into  a  position  of  advantage.  The  personal  element 
may  have  long  since  vaniBhe<l  from  the  family,  but  it  has  been 

I  transmuted  into  Bomcthing  else,  and  it  enables  the  present  rep- 
r»-(4t'ntiitivo  to  accomplish  a  great  deal,  owing  solely  to  the  high 
po«ittou  which  he  baa  acquired  through  the  eftbrts  of  another. 
*' We  thus  see  that  in  the  social  world  wo  have  what  may  be 
justly  called  two  kinds  of  energy,  namely: 
*'i.  Actual  or  personal  energy. 
"2.  Energy  dcrivtul  from  iio-tiiion. 

"Let  us  now  turn  to  the  pbyaleal  world.  In  tbis,  asln  the 
social  world,  it  is  ditficult  to  asceiifl.  The  force  of  gravity  may 
be  compared  to  that  force  which  keeps  a  man  down  in  the  world. 
H  *' If  a  Stone  be  shot  upwards  with  great  velocity,  it  utay  be 
Hvaid  to  ha^'e  in  it  a  great  deal  of  acttml  energy,  because  it  has  the 
B-lmwer  of  overcoming  the  obstacle  interposed  by  gravity  to  it« 
■"ttsoent,  juBl  an  a  man  of  great  energy  has  the  power  of  uver- 
H  coming  obstacles. 

H     "This  stone  as  it  continues  to  mount  upwards  will  do  so  with 

B>m  gnidually  decreasing  velocity  until  at  the  summit  of  its  flight 

all  the  actual  energy  with  which  it  Rtartc<l  has  been  spent  in 

raising  it  against  the  force  of  gravity  to  this  elevated  position. 

It  is  now  moving  with  no  velocity,  and  nn\y  be  sappfwed  to  ho 

eauKbt  and  lodged  upon  the  top  of  a  house. 

"ThuR  it  is  seen  that  during  the  upward  flight  of  the  atone 

lenergy  of  actual  motion  has  gradually  become  changed  into 

of  position,  and  the  reverse  will  take  place  during  its 

towiiward  flight  if  we  now  suppose  it  dislodged  from  the  top  of 

the  house.     lu  this  latter  case  the  energy  of  position  with  which 

it  tivgins  its  downward  flight  is  gradually  citnverted  into  energy 

of  actual  motion,  tmtil  at  lasr.  wlien  it  once  more  reaches  the 

ground,  it  has  the  same  amount  of  velocity,  and,  tberafore,  of 

actual  energy  which  it  bad  at  tiivf. 

"Thus  wo  have  also  in  the  physical  world  two  kinds  of  energy: 
in  the  first  jilnee  wc  have  that  of  actual  motion,  and  in  the  next 
wc  have  that  of  position." 


970.  TransformattonB  of  Energy. — Of  this  we  have  an  example 
in  the  preceding  article.     A  still  better  illustration  of  a  raulti- 
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plicity  of  trangfnrnmtiontt  \»  afTorded  by  the  present  method 
producitig  the  electric  light. 

Ill  this  the  initial  act  is  the  combtistiuii  or  oxiilation  of  cnuL 
This  is  n  chrmieal  proce.88  by  wliich  hoil  is  developed.  Throogh 
the  agency  of  the  heat  water  i»  volatalized  into  steamy  the  tiai^f 
force  of  w'hich  is  caused  by  suitable  machinery  to  produce  m'itiat,^ 
Itt  its  turn  the  motion  is  converter]  into  a  compound  dev«k]| 
raent  of  magnetism  and  electricity^  and  the  latter  when  \. 
between  carbon  potntn  nrodueea  light  and  heat.  Attendant  off' 
the  motion,  and  Hkewitte  ou  tbe  pawage  of  the  electric  %k, 
aoimd  also  appears  au  an  accidental  result. 

Chemical  affinity,  heat,  motion,  magnetism,  eloctricitj-,  liglil, 
are,  tbei'efore.  couvertible  ouc  into  another.  Indeed,  as  sglauct 
at  the  table  of  the  divisions  of  energy  shows,  they  are  virtually 
mere  modifications  of  the  effects  of  energy.  There  is,  ihertfore, 
nothing  surprising  in  the  tact  of  tlieir  iitntual  eonvrertibilii}'  or 
transformation. 

An  a^hnirable  example  of  the  transformatioii  or  change  of 
potential  into  kinetic  energy  \»  afforded  by  the  penduttwi  in  aetiaiL 
Wlion  at  rest  in  its  lowest  position  it  may  be  said  not  to  poseeu 
any  encrjjy,  but  when  work  is  done  upon  it  and  it  is  raised  to 
one  end  of  the  arc  in  which  it  ^wint^s,  it  poa^easea  potential 
energ}."  bv  virtue  of  its  position,  and  can  do  work.  Falling  to  iU 
lowest  position,  it  accomplishes  work  represented  by  its  weight 
multiplied  by  the  vertical  height  through  which  its  centre 
of  gravity  has  descended.  In  the  lower  part  of  its  course 
gravity  ceases  to  act,  but  it  now  poftsetwes  energy  by  virtue  of 
the  velocity  it  has  acquired  in  its  descent.  This  carries  it  iigainal 
gravity  Ui  the  other  extreniitv  of  its  arc,  the  kinetic  oeing 
nnulEy  completely  transformed  into  potential  energy  when  it 
comes  to  rest  and  is  prepared  for  a  second  descent.  So  tbe 
alternate  conversion  of  potential  into  kinetic  energy,  and  rJ« 
vft-irf,  conlinue«  iincil  nil  the  original  energy  is  transtornicd  ia 
overcoming  tlie  fricti<m  aiitl  resii^tanw  of  the  air  to  which  the 
petuliihmi  has  IxH-n  snhmittfd  during  irs  o^^i'illations. 


iW 


271.  CoMervation  of  Energy. — Again  quoting  from  Prof.  Tai 
*'  the  velocity  of  an  avulaiirhe  of  snow  constantly  increases  as 
it  descends,  and  exact  calculation  according  to  jdivsiwil  experi- 
ment ahowa  us  that  the  amount  of  potential  energy  lost  in  every 
stage  of  the  operation  is  preciselv  equal  to  the  amount  of  kinetic 
energy  gaineil.  The  pi-ocess  may  he  inverted  if  we  consider 
kinetic  energy  to  be  originally  communicable  to  a  body,  suppose, 
for  simplicity,  in  a  vertically  upward  direction.''  As  in  the 
illustration  by  Lockyer,  "  a  stone  thrown  into  the  air  gnuluallv 
loses  velocity  as  it  ascends  higher  and  higher;  tor  an  instant, 
when  it  liu*4  loat  all  velocity,  it  pauses  and  tlicn  returns, gradually 


imin^  vel^^HML  it  in  turn  loses  its  ailvanta^  uf  iiosition. 
['iiKiilation  H^BB  to  this  caee  shown  tluU  at  every  stage 
whether  of  tli«  ascent  or  of  the  descent,  the  sura  of  the  poten- 
CihI  and  the  kinetic  ener^ca  remains  precisely  the  same  except 
ill  8u  far  as  it  is  modidcd  by  resistance  of  iho  air.  This,  ho>v- 
jver,  gives  lis  no  cxeeptioti  to  tho  ^iiicral  truth  of  the  priii- 
siple  of  coniiervation  of  tnerffj,  because  any  energy  lost  by  the 
stoDe  is  ctmtniunlcaled  without  1o«h  of  quantity  to  the  sur- 

^xoonditig  air.*' 

The  conclusioDB  arrived  at  from  the  expcriuients  af  Joule  on 
le  mechanical  equivalent  of  heal  {7H<J)  t»how  that  in  the  passage 
of  energy  from  one  form  to  another  nothing  is  lost.  Energy  is 
aa  iodcstnictilile  as  matter  itBc-lf.  Its  ditiapiienrftncti  in  one  Form 
is  only  its  traii.-<Iation  into  an  iihsolulely  equivalent  amount  of 
some  other  tbrm  or  forms.  The  total  quantity  of  matter  does 
not  vary,  neither  does  iliat  of  enoigy.  To  quote  from  Dr. 
Arnott ; 
'*  There  may  be  an  ebb  and  llow  between  the  relative  amounts 

^of  the  vuriouH  eneri^iotii,  but  t'lie  hutii  of  them  all  is  constant  and 
hivariable  throughont  onr  nnivcrse.    There  may.  indeed,  be  a 

ttcudcney  of  all  tlic  present  energies  of  nature  nltiiiialcly  to  pass 
"ito  one  uniformly  diffused  heat-quiver;  it  may  bo  indeed  that 
some  incalculably  remote  age  all  the  changes  will  have  been 

Irang  upon  the  present  tliHtriiuition  of  the  forms  of  energy,  and 

Tuit  the  vitality  of  all  nature  will   exist  merely  as  a  universal 
misc.     Yet  the  grand  generalization  of  modern  times  constrains 
to  believe  that  in  that  [lulse  will  be  found  the  exaut  represen- 
itipe  of  every  motion  and  form  of  energy  at  present  opei-ating 

faround  or  within  us;  that,  in  fact,  energy  is  co-eternal  witii  matter. 

YVt'c  cannot  say  that  we  know  fully  the  nature  of  the  diflerent 

jenergies  auch  an  magnetism,  heat,  electricity,  and  chemical 
ittliitty:  hut  tlie  iirinciple  of  the  Conservation  of  Energy,  with 
Rrbich  alone  the  factii  discovered  by  modern  e^cpcrimcnt  appear 

[reconcilable,  justittes  us  in  regarding  them  all,  either  as  some 
ipecies  of  actual   motion  or  as  some  sort  of  potential  energy 

'inherent  in  detinitc  nrraiigeineuts  of  those  minute  particles 
which  form  the  foundation  of  the  material  universe." 


872.  DegradatioB  of  Eaergy. — Roturnine  again  to  the  work  of 

il*rof.  Tuit,  liei^aytt:  "We  rontoinnlate, therefore,  with  reference 
tlo  energy,  its  t:onw:n-ation,  wbicti  merely  asserts  its  objective 
[realtty;  its  transforiiiations,  which  render  it  indittpentiahle  to 
the  existence  of  lit'e  and  the  physical  changes  in  the  universe; 
but  it  has  in  addition  another  and  oven  more  cnrious  property. 
Wo  have  seen  that  change  is  essential  to  the  existence  ot  phe- 
nomena such  as  we  observe,  and  that  this  change  may  take  place 
it  is  .necessary  that  there  shniild  he  coni>tant  transformations  of 
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energy.    But  some  forms  of  energy  are  more  capable  ot  beinn 
tranatormei)  tliati  others,  and  everv  time  that  a  traiiBformadoii 
takes  place  there  is  always  a  tendeiicv  to  pass,  at  least  in  part, 
from  It  higlier  or  ituire  easily  Irun^-l'oniiaMe  to  a  lower  or  1(!» 
efisilv  trHtit^foriiiable  form.  { 

*'  Tliua  the  eiierjy  of  the  tinjx'crse  is,  on  the  whole,  cottetuttiy 
pasiiiug  from  hi>fher  tn  lower  forma,  and.  tlierefore,  the 
bility  of  tniiisformation   is   becominfir  smaller  and  «iiiftll«r, » 
that  ill  the  lapse  of  fiiitfieieiit.  time  all  higher  forms  of  piiergy 
ninst  have  ]>assed  from  the  plivsieal  iinivei'se,  and  we  ran  imapni' 
Qotliing  as  remaining  except  thuse  lower  forms  which  are  in- 
capable eo  far  as  we  yut  know  of  any  further  transform ation. 
The  low  form  to  which  all  transformations  with  which  we  are 
at  present  ac(|uainted  seem  inevitalply  to  tend,  is  that  of  uui- 
fornily  ditinsod  heat.     \S'e  know,  in  fact,  that  in  order  to  raikt 
any  use  of  heat — to  transform  it  into  mechanical  jxpvver  or  into 
any  otlier  form  of  cncrjjy — it  ift  absolutely  necessary  that  we 
ghouhl  have  bodies  of  dilferent  tampenUuren.     We  mtiitt,  asit 
were,  have  a  source  ami  u  condenser.     Now,  when  all  the  encr^ 
of  the  universe  baa  taken  tlie  final  form  of  unifortnly  diiriift^ 
heat,  it  will  be  obviously  inipossibli;  to  make  any  use  of  this 
heat  for  further  transformation.     Thus,  so  far  us  wc  ean  as  yet 
determine,  in  the  far  distant  future  of  tlie  universe  the  quantities 
of  matter  and  energy  will  remain  absolutely  as  tliey  now  are; 
the  matter  unehnnjjcfl  alike  in  rjuantity  and  quality,  but  collcetwl 
together  under  the  iiifluonce  of  its  mutual  gravitation,  so  thiit 
there   remains   no    poluntial    energy  of    detached    portions  of 
matter;  the  energy  also  nnchimged  in  quantity,  bnt  entirely 
transformed  in  quality  to  the  low  form  of  uniformly  diffuaea 
beat." 

273.  DisaipatJon  of  Energy. — This  is  by  no  means  well  nndur- 
8tood,  ami  many  of  the  results  of  its  legitimate  application  have 
been  received  with  doubt,  sometimes  even  with  attempted 
ridicule.  Yet  it  ajqiears  to  ho  at  the  present  monient  by  far  the 
niobt  promising  and  fertile  portion  of  natural  philosophy,  having 
obvious  applications  of  which  as  yet  oidy  a  small  percentage 
appear  to  have  been  made.  Souk*,  indeed,  were  made  before 
the  cnutu;iiiliou  of  the  priuciplu,  iunl  Imve  siuw  been  reoognizud 
as  instances  of  it.  Of  such  m-c  have  good  examples  in  Fourier's 
great  work  on  hoat-conduction,  in  the  optical  theorem  thai  an 
image  can  never  be  brighter  tUun  the  oliject;  in  Guus's  mode  of 
investigating  electrical  distribution,  and  in  some  of  TUorason's 
theorems  aa  to  the  energy  of  an  electro-magnetic  field. 

There  can  bo  little  question  that  the  ]>rinciplc  c-ontains  the 
whole  theory  of  thurmo-olectricity,  of  chemical  combination,  of 
alkitropy.  of"  flnoresceueo.  etc.,  and  iicrhapB  oven  of  mailers  of 
a  higher  order  ihau  common  physio?  and  chcmiatry. 


Thus  alROit  IB  jioRsihlo  that   in    physinlo/ry  it  niay  crc  loii^ 
ad  to  rcaults  of  it  ilifltTcnt  and  much  higher  order  of  Dovclty 
and  iiit«re#t  tbun  tboiH!,vt;t  ubtutiied,  valuable  though  these  cer- 
lirilv  are. 

"  ft  was  a  grand  step  in  science  which  showed  that  ju^t  as  the 
iuni|itiou  of  fuel  IS  nfcet^^ary  lo  t)m  working  of  a  steani- 
Ine  or  to  the  »tcady  light  of  a  candle,  .so  Iliu  living  engine 
jtiires  food  to  supply  its  expenditure  in  the  forme  of  inuseular 
rork   and   animal    heat.     Still   grander  waa   Kumford's  oarly 
kuUeipalioti  that  the  unmial  is  a  more  economic  engine  than 
«y  lifelesH  one  we  can  construct.     Even  in  the  explanation  of 
this  there  U  involveci  a  question  of  very  groat  interest,  still   iin- 
jlveJ.  though  'kiule  and  many  other  philo^upiieri^  uf  the  highest 
)rder  have  worked  at  it.     Joule  has  givun  a  suggestion  of  great 
ItuIuc,  viz.,  that  the  animal  rcsemblcB  an  electro- magnetic  rather 
[Umn  a  heat-engine;  but  this  (hrow^  us  back  again  upon  our 
[ditticuliiea  as  (o  the  nature  of  electricity.     Still,  even  supposing 
[tliis  i^ucation  fully  answered,  thei-e  remains  another — perbap» 
[the  highest  wliich   the  human  intellect  in  capable  of  dircctlv 
ittiu'king,  for  it  is  simply  prepo.sterou>i  to  flnppci.se  that  we  HhaM 
irer  lie  able  to  understand  Kcientitically  tiie  source  of  couscioua- 
and  volition,  not  to  epeak  of  loftier  things— there  remains 
le  question  of  Life.    It  niay  be  startling  to  morae  of  you,  eape- 
Icially  if  you  have  not  particularly  considered  the  nmtter,  to 
[liear  it  surmiacd  that  possihly  we  may  by  tlie  help  of  physical 
principles,  especially   that  of  the  dissipation  of  energy,  ttoiue 
'iroe  attain  to  a  notion  ot  what  con»i(ituic8  life — mere  vitality,  I 
[repeat,  nothing   higher.     If  you  think   for   a  moment  of  the 
vitality  of  a  plant  or  a  zoophyte,  the  remark  will  not  appear  so 
Mrange  after  all.     Do  not  titncy  llmt  the  ditif^ipaiion  of  energj* 
to  which  I  ref^r  is  at  all  thatot'  a  vvHtch  or  i=iu(.-h  like  piece  of 

■  mere  human  nieehaniem.  dis.-iipating  the  low  and  comnion  form 
of  energy  of  a  single  coiled  »iirin^.  U  must  be  such  that  every 
little  part  of  the  living  organism  haii  ita  own  store  of  cnerg}' 

IfoiiAtantly  being  dia^ipated,  and  us  constantly  replenished  from 
external  source^  drawn  upon  by  the  whole  arrangement  in  their 
harmonious  wurking  together.  Sir  W.  ThoniHon's  splendid 
iiiggctstion  of  vortex-atonifl,  if  it  he  correct,  will  enable  ns 
thoroughly  to  understand  matter,  and  mathematically  to  in- 
TMtigatc  all  its  properties.  Vet  ita  very  basis  impUeH  the  absolute 
Mctssity  of  an  intervention  of  creative  power  to  form  or  to 
destroy  one  atom  even  of  dead  matter.  The  question  really 
itandH  thus:  Ir  life  physical  or  no?  For  if  it  be  in  any  sense, 
tiowever  aliiflit  or  restricted,  physical,  it  is  to  that  extent  a 
^  luhject  for  the  natural  philosopher,  and  for  him  alone." 

'     274.  SnbdlTiuoiu  of*  Energy.  —  The  various  phenomena  ex- 
hibited by  matter,  and  which  result  from  the  influence  of  energy 
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thereupon  may  therefore,  be  grouped  under  two  grand  divirioDB: 
Potential  energy  or  attraction,  and  kinetic  energy  or  motion.  Each 
of  these  may  be  studied  under  three  phases  or  conditions,  ht, 
Molar,  or  attraction  and  motion  as  related  to  masses  of  matter; 
2d.  Molecular,  or  attractions  and  motions  of  molecules;  and  3d. 
Atomic,  or  the  attractions  and  motions  of  atoms.  Molar  attrac- 
tion and  motion  belong  properly  to  mechanics ;  Molecular  at- 
tractions and  motions  to  physics ;  Atomic  attractions  and  motioDs 
to  chemistry.  Each  of  these  in  its  turn  presents  minor  Bubdi- 
visions,  examples  of  which  are  given  in  the  following  tabular 
'presentation  of  the  subject. 


I'utiillliBi  or 
Enerij  of 

PimiUon  and 
AttrocUuD. 


Jlolar.    Mmhank's    .     .    .       Gmvltj, 

Mulorulu-.    l>Uj«lcs  pruper.  |  A^tSri*"' 

Aloniic.    nn-miHtrj-   ,     .     .       ASIiiitr,  or  Chemlsm. 

r  Direcl,  ur  RectlliDear  tnuulntliiu.' 

OtrinatoTj,  or  Bwilirucatlng. 


KliK'tic  or 

KiiorK.v  of 

>liilioii. 


Molar.    Xecbunics 


Axial 


KoMtorv <  Eccentric 

I.  OrWul. 

OutriruKKl  and  CentripeUl. 

f   Dijwt  or  trarulatlon |  DiSwIon 


Mi'liTiilur,      l"hj»i™ |jru]ier.  . 


Vlhratory    ,     .l 

IttvilinxMiting.  y 
llotafor)-     .     .) 


AliiiDic.     <.'licmi9try  .     .     .        Affiolt}'  ur  ChomLiun  .....  1 


Soand. 
Ught. 
Heat. 
Elertrldtj  and 

Hagnetiim,  tic. 

ComblnatioD, 
Decompoaltloii. 


Of  the  above  divisions,  since  atomic  attraction  and  atomic 
motion  belong  to  chemistry,  they  are  eliminated  from  the  present 
discussion.  Molar  attraction  and  motion  we  are  obliged  to 
examine  to  a  certain  extent  to  enable  us  to  form  proper  concep- 
tions regarding  molecular  attractions  and  motions.  Molecular 
motion  presents  many  phases  attended  b^'  distinct  and  charac- 
teristic phenomena. 

276.  Ideas  fiegarding  Force. — According  to  Newton's  first  law 
of  motion,  Force  is  any  cause  which  alters  or  tends  to  altera  body's 
slate  of  rest  or  of  uniform  motion  in  a  straight  line. 

Matter  at  vest  cannot  change  its  condition  of  itself;  matter 
in  motion  cannot  of  itself  change  its  course  from  uniform  move- 
ment in  a  straight  line.  This  property  of  matter  has  been 
described  as  inertia  (42).  Anything  which  produces  motion  in 
a  material  point  or  in  a  mass,  or  which  changes  the  character 
or   rate  of  a    movement,  is   a   force.     Thus   gravity',  friction, 
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losticity  of  spring  and  vapore,  magiictienif  are  examples  of 


JfCO. 


Monifntary  forces  are  those  whicb  last  but  for  a  brief  niomoul 

if  time,  and  arc  failed   into  |>lny  hy  explottiona,  clectni;  dis- 

Idmrgcji,  and  impulses  of  various  kitids.     Oyjiiitimus  fori'ts  are 

Hliosewliieli  endure  in  t lieiraet ion, like  gravilnt ion  or  intii^rietisni. 

IA  cr>nttiitiou8  force  wliicb  (Iocs  not  vary  is  called  fousianf. 


CHAPTER   II. 


ATTRACTION. 

.JMolar  Htiraction.  QniTUy — Molecular  sUrnvlian — Adhesion  •>!  »o11d  andiolld — 
Ccmonu — Soldcriop — AdbrRton  of  solid  nnd  liquid — Drops  «nd  minimi 
— SrtluUofl — Adbcaloti  tit  solid  and  giu 

»76.  Molar  AttraetioB.  Qravity. — The  fnot  that  twn  masses  of 
tnuttur  L'XLTt  an  iittraL-tivu  itifluuni-e  nit  uueh  other  in  :>hi)wn  by 
■tho  foltowin*;  experinienti^:  A  (^niall  objeet,  as  a  bullet,  is 
Vaufl]>i.-nded  by  a  delicate  thread,  aud  made  to  oscillate  across 
the  field  of  a  microscope.  The  thread  as  it  moves  to  the  right 
and  left  passes  to  the  same  distance  on  each  side  of  the  ccn- 
iro  of  the  field  of  the  instrument,  as  may  be  measured  by  u 
mirrtitiu'ter.  If  a  largt?  morts,  an  a  eannon-bnll,  be  then  brongbt 
in  the  vi(;inity  of  the  oBcillating  bullt;t,  and  the  movements  of 
tlie  ihreud  watched  through  a  mierosyoije,  they  will  uo  longer 
be  fonnd  to  be  etjual  in  extent  on  eacli  side  of  the  centre  of  the 
field,  but  will  be  greater  in  the  direction  towards  the  cannOD- 
ball.  The  two  masses  of  nmtler,  therefore,  exert  an  attractive 
action  on  each  other,  which  ts  best  seen  in  the  case  of  the  smaller 
body,  but  is  also  present  in  the  larger,  though  it  is  not  eo  evident 
on  aeeonnt  of  its  graatcr  size. 

■  That  both  masses  are  affected  by  the  attractive  force  may  be 
shown  by  plauinga  globule  of  mercury  on  the  stage  of  a  pro- 
jection lantern.  The  stage  nf  the  instrument  must  be  in  a  bori- 
Kontal  position.  By  means  of  a  slender  knife-blade  the  globule 
may  be  separated  into  smaller  pornons.     As  one  of  these  is 

■  gently  approached  towards  another,  it  M'ill  be  seen  on  the  screen 
to  move  quietly  until  a  certain  difilanee  is  reached,  then  the  two 
muses  Jump,  as  it  were,  towards  each  other  and  unite,  forming  a 
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single  globule.  In  case  one  globule  is  greater  than  the  other 
the  motions  occur  in  both,  but  the  larger  moves  through  a  less 
distance  than  the  smaller  in  proportion  as  its  size  is  greater. 

Masses  of  matter,  therefore,  possess  a  mutual  power  of  attrac- 
tion— this  is  inherent  to  all  matter.     It  is  the  force  by  virtneot 
which  the  particles  of  all  bodies  tend  towards  each  other.  It 
exists  between  them  when  at  rest  and  when  in  motion.    It  i» 
effective  no  matter  how  great  or  how  small  the  separating  epac© 
may  be,  or  whether  it  is  occupied  by  other  matter  or  not. 

For  the  conception  of  universal  attraction  we  are  indebted  to 
Sir  Isaac  Newton,  who  determined  the  law  of  its  action  as  i» 
expressed  in  the  following  terms:  "The  attraction  between  too 
material  ■particles  is  directly  proportional  to  the  product  of  their  masses-, 
and  inversely  proportional  to  the  square  of  their  distances." 

To  indicate  the  attraction  of  the  earth  for  objects  on  its  anr— 
face,  the  word  gravity  is  used. 

277.  Molecular  Attraction  is  of  two  kiuds,  cohesion  and  adhe- 
sion. Cohesion  is  the  force  which  binds  together  molecules  of 
the  same  kind.  The  experimental  illustration  of  this  force  has 
been  given  in  (18).  Its  variation  m  the  different  forms  of  solid, 
liquid,  and  gaseous  matter,  has  also  been  discussed  in  the  study 
of  these  varieties  of  matter. 

Adhesion,  is  the  force  which  binds  together  different  kinds  of 
molecules  or  different  masses  of  matter.  It  may  be  considered 
under  three  divisions:  1st.  Solid  and  solid.  2d.  Solid  and 
liquid.  3d.  Solid  and  gas.  By  many,  cohesion  and  adhesion 
are  regarded  as  being  essentially  the  same. 

278.  Adhesion  of  Solid  and  Solid. — Two  flat  surfaces  pressed 
lirmly  together  will  adhere  more  or  less  perfectly.  Two  pieces 
of  glass,  the  surfaces  of  which  are  ground  flat  and  which  are 
called  adhesion  plates,  will  adhere  when  they  are  pressed 
together  with  a  sliding  motion.  Tbat  the  adhesion  is  in  no  way 
a  result  of  pressure  of  the  air,  is  shown  by  the  fact  that  the 
plates  remain  adherent  though  suspended  in  a  vacuum.  The 
more  the  contact  and  pressure  are  prolonged,  the  firmer  is  the 
adhesion.  It  is  by  virtue  of  adhesion  of  this  kind  that  germa 
of  all  varieties  become  attached  to  motes  in  the  air,  to  clothing, 
and  to  walla  of  buildings.  Friction  is,  to  a  certain  extent,  the 
product  of  adhesion. 

279.  CementB. — Adhesion  may  be  rendered  more  perfect  by 
the  employment  of  liquid  glue  and  other  cements  which  leave 
no  empty  spaces  on  drying  or  hardening.  In  these  cases  adhe- 
sion of  the  cement  is  often  so  strong  that  fracture  occurs  more 
readily  in  other  parts  than  in  those  which  are  cemented.     The 
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Intensity  of  adhoaivo  over  coliceivo  force  ia  shown  by 
St  that  the  thinner  tbc  liij-er  of  cement  the  sti-onger  itn 

lents  resemble  in  properties  the  bodies  lhc,v  unite, 
ar«  cemonterl  by  mortar  made  of  lime  and  sand,  wbieb 
;k-like  in  their  ori>!;in.  Or^^auic  budietf,  us  wood,  paper, 
ither,  are  joined  with  glue,  isinglass,  and  gum,  wbit-h  are 
l^nic.  Metula.  with  soider  inudi.*  of  other  niclala;  the 
should  liave  a  rate  of  expansion  under  the  influence  of 
it«rmediate  between  the  expansion  rates  of  tlie  two  metala 
miied  (i!8U). 

not  easy  to  cement  together  bodies  which  are  unlike  in 
,  as,  tor  example,  metal  and  glad«.  Thia  ia  largely  owing 
lureneeK  in  their  raica  of  expansion.  The  only  nielal 
can  be  directly  united  with  glu»*i*  is  phvtinnni.  If  the 
im  )B  plated  witii  aluniiniutu  the  union  iu  uiort;  satii^lac- 
tince  aluminium  becomes  coated  with  an  oxide  whieh 
ichea  gla«B  in  ita  character,  and  so  forms  a  more  per- 
inu 

necesaities  of  surgery  often  demand  that  various  kinds 
•gicui  ttpptianeev  eun(»i»ting  of  hetej-og^'ntuus  »ulmtuncea 
I  be  untied.  To  meet  eonaitiont}  already  existing,  anil  to 
It  other  appliances  that  might  be  devised,  the  following 
efmentH  is  given. 

ir  (if  ParU,  with  or  wilhoul  lolution  of  bunx.  Roman  or  hydraulic 
lmrd«iu  iih<3«t  WHirr.      Mn*tic  ocmrrnt  made  of  Part1nii<l  tim«»lriii6  fliiel; 

uiixmI  wtth  «itii<l  iind  litljiir);K.  TliiN  in  miide  into  »  fmslti  with  raw  or 
nM^d  oil.  when  it  ■■  lo  be  UKrd.   Th«>  EurfncM  to  which  il  is  upnliH  ihould 

tr>  *«>iiirc!  i((lh«rence.  KM)  uf  Ihi-  mixujrt;  rcquira  7  of  oil.  For  Portland 
B  flnc  duit  froai  lh«  Miwin);  i>r  *ltitiii  or  mnrMo  miiy  ba  i>ub«ciUitod. 
ibuva  are  uMriil  in  the  nitikini;  of  rsnu  <>f  tiimora  and  inalformattou 
artoua  condiliutif.  Ma«tir  e^tnont  t*  <>ii|>Miinily  oseful  for  varimii  hygivnic 
loni,  M  ?»iiientliig  the  fl'wrs  of  cellars  uid  so  iTeTeniinj;  ingress  of 
iwid  eniaoMtioii*.  It !»  UM>d  in  London  to  rover  brick- worh. 
om  and  t;1iitl'ioii"  cmnnt*  am  v«<ry  niim^roti*.  En  the  [ireparatlon  of 
I  utd  rlii'roii-nl  ii)>])aratiif,  thi<  ccmoiit  UHuatly  eiu|il»yL<d  U  a  mixture  of 
id  b^oiwnx,  iiivlud  t>i|;«lher  and  cilurul  with  very  Hmq  hrich-duat,  or 
0t  with  ventiilioii,  a  v«ry  little  of  which  guc*  a  Ion;;  way.  Tin?  hurduefa 
!em«ni  may  bo  varied  at  (tluuure  diirini;  itK  [irciiHration ,  by  hIIowjh^  n 

\l  to  dry  on  a  piei^e  of  inelnl  and  lealiiiK^^  with  tne  ihumb-imil.  hiiiI  odd* 
■  bowwaz  or  rtmiK  n^  i*  n^HMMry.  ll  i«  very  utefiil  in  reinentini:  >.-ork  14 
td  In  olddipc  the  leakacp  ihruii|;h  the  (vorw  of  cork  m«d  in  inahinic  a|>- 
for  •xi^rUDeniinu  vrith  gtiiei      The  layer  of  cement  thould  b«  ms  tliTn  a* 

wb«i)  It  U  u*«d  t»  iirjiie  «iirfuceH. 

I  of  roalti,  one  of  brrawax  melted,  and  a  little  planter  of  PbHi  lulded,  Is 
OndMl  ai  a  (.-amtnt  for  i lone*  and  earthenware.  The  •iibttaiice  miwl  Im 
Bgb  to  Ball  lh«  cement,  and  the  pi«cei  should  be  very  tirwly  prewted 

d  iul)ibiir  h  ij»m1  Iu  unite  nieinlii  and  atone. 

vallcr't  reinanl  tt  iiiwJe  uf  i^iiiKlau  eoakod  in  walor  till  it  iwella,  ihU 
vad  in  brandy  or  in  nun.  In  two  oiinci-e  of  this  inixiure,  a  little  H^nm 
n  or  lEUiii  ammoniacuni  ii  diwolvn^d  by  trituration.  A  piece  of  mailif  iIid 
k  marblv  ia  then  diaavlvcd  in  si  little  alcohol  u«  (lostible,  and  miiod  with 

ir; 
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Lbfi  precediof;  st  IMf  ¥.    Tb«  cwmiiiit  b  kept  tn  »  cIomJjf  lUFpiwrad  tiiI. 
viftl  ia  jtoiD«rMd  in  hiri  water  wltpn  it  i«  1o  b«  u>rd,     II  re*i*tM  moiMiiM. 

Another  cemeni  uhirli  rwUtJ!  n»>|aiiir«  h  mnijv  l>v  miziii)*  m  Bdliiiionurj 
gUi6  in  pri-of-ff'irit  with  m  eoliiUun  of  shellu  in  iiloiEii-L 

CcHiiiuuri  tfiui.*  'iiwlteit  wilbotil  WNier,  witli  likll'  its  wtifflit  nf  riMtii  aiii]  a  ii:il* 
red  ocLre  iidd«l  lu  give  il  ti'xly,  ak^'  fiTin*  u  iwnK.-nt  wliicli  r*«t<it«  ival«r. 

Clay  »nd  onido  o?  iron  make  n  t-pment  which  baMofls  umlcr  wmer 

A  oviutinl  for  iron  Ui  t.-I<w«  rractu  and  (.TcvicM,  a*  In  h^atini;  fiiriiacM,  nt)  U 
madf  of  2  pftrta  of  Ml-amaioiiisc,  I  of  Aowera  of  sulphur,  16  of  cut-mn  llit^ 
Thew  nhiiuld  be  wfll  pa>und(^  Ui^tlier  in  a  mortitr  and  kept  dry-  When  n<ri, 
1  ]>Krl  ■hoiild  lie  icroinid  in  n  mortar  with  ^  of  iroit  tllinK'i  "nd  water  ndMi" 
form  u  piiilo  iit  i>tt>\iQr  cnnti*tBney  to  b«  Hj>tOied  lu  the  joints. 

A  cnm«iit  tor  tM>ilen>  tt  loadt^  of  6  uf  clay,  [  of  Iron  filin|i:i,  and  linwcdoilMf- 
Itcivnl  t'J  funii  n  ihii-k  paile 

A  Kolutlon  of  cai'Uk-houc  or  IndU-rubtwr  in  a  mixltire  uf  lOOpjirUot  biial- 
jiliido  of  carbiin,  and  ft  of  alcuht^,  ii  aii  «icel(ent  cement  for  leather  aud  umikri 
•iilntancof. 

(in<*  of  niblHir,  four  itfcoal  tar,  with  two  of  sbellao  added.  When  the  whiu>«| 
i«  <:oin)>lcti;.  utid  the  whole  beaUil  in  an  iron  v^evl,  it  oiaku  a  very  atruug  ^lufc. 

Caoutchouc  cemenU  are  water|»roof. 

Regarding  cements  for  microecopic  prcparationa.  Prof, 
penter  sBya: 

"Jnpantttr't  ^Id  tut  U  the  mnei  inutwonhy  or  all  cemenu  Tir  doiiu-l 
mniiMod  objDctaor  nlfnoit  any  dfscrlfilian.  It  lahee  a  jiecullarlv  litm  ItoU  < 
glav ;  and  when  drv  il  biMjoiiiiu  vxtri'intrty  tuiiicb  without  hriltlf<ii»i(.  Wb 
D«w  it  i«  very  lii)uLd  and  ruiti  ruther  ton  freely ;  it  i«  often  advanugaoiu 
leave  open  for  a  time  the  iwltle  containing  it  until  tb«  varnUh  if  tocnevhat 
ihickunvd." 

"A»ftfialt  «arnwA.  Thin  U  a  black  vnrniih  inado  by  dlMulrfng  half  a  draehm 
of  caoulchuue  in  mineral  naphtha,  and  then  adding  fmir  oiitio-^  of  ntphaltucn. 
iifint'  boat  if  iioceuaiy  fnr  ili  solution.  Il  it  very  iin|M>rlaDt  ihal  tb«  afphaUW" 
(hciuld  be  ^niiiiie,  nn'd  tbi-  oiher  materials  of  the  lw»t  ((UNlity." 

■'/l/(i<:A  japt)!'.  Thr^  varnUh  vild  at  cilor-AhopEi  iindi-r  ihi*  namt-  tiiAy  )>«  u»ed 
for  thi-  ii»ini^  piir{>ii*i'>  a>  lh<:  pivi'vdin^.  Wli«ii  etiifiloiMl  lor  niHking  *een>enU 
cclU,'  the  liidut  tu  which  It  han  b«eii  apiiKcd  aho'i'd  be  t-xpuaod  to  the  heat  of  an 
oven  not  raiwd  *o  hiith  na  to  cauBe  it  Ui  olliK-r;  thtt  will  increaM  iu  adheuon  to 
ihv  fl^of*  uliili*,  lind  will  Uatlim  ihu  turfttve  nf  lliH  ring*." 

"Ditmnnir  Mtiteni,  nihde  by  diifMilrini;  g\im  datnmurin  benicole,  and  addinc 
ahixit  one>-lhird  of  gold  *ixf,  biu>  tiin  ndvunlaB^n  of  drytitg  very  quiokly  ;  and 
may  be  preferHbly  iitud  for  a  Drsl  cual  when  (jlyeerlntt  i*  mod  m  the  nntorlal  for 
nwontins-" 

•'Catuiifa  huUfim  i*  no  brittlit  wbr-n  hardrnod  by  tiro«  that  it  cannot  b«  lafvly 
used  »H  H  (inieiii,  oicvpt  fur  [bt>  i>(tvciii1  purpiwir  ol'  nltacliiug  hard  speclmirna  to 
1,'la's,  111  utder  tlint  they  may  ho  rcdui'f-d  bv  prindin||." 

'^SAtllaf  ftmrril  't%  mad>>  hykpttgiing  ■mall  pitxiM  of  picked  •hsilao  in  a  bvtUeof 
rectified  Hpiriu,  and  shaking  it  frooi  tiinu  to  tiiiiQ.  It  cannot  bo  recommonded  a* 
atiibttiiutu  for  nny  t'f  the  preccdinz;  a»  when  dry  and  bard  it  hai  little  hold 
on  jflniu.     Itul  it  »ni>wi>rii  very  well  tVrr  making  coll*  for  dry-noun  tins. " 

"Marine  fftiit,  which  ie  coni|>o$ed  of  shellac,  cuuutchi>uc,  and  naphiba,  It  dla- 
tinfcublj>-d  by  it«  ciztrii<*rdinary  tcnocily,  and  bv  il«  power  of  re«ifetiii«  tulvenU 
I'f  n1niii»l  erery  kind  I>il1«rent  qtialiti^t  of  tbi»  iiiiliatnnr«  are  made  for  lh« 
-cvural  purpoMS  to  which  il  is  applied  ;  and  ibo  one  iii<i>.i  Editable  to  the  wanu  of 
the  micruteupitl  tit  known  in  commcrrc  a*  (jKI.  I'ho  spcciul  value  uf  ihU 
L'cment,  whicti  cnn  only  he  applied  hot,  it  in  atlachiii!;  tn  i;laM  alidea  the  glam  or 
metal  rini^re,  whiill  ihii'e  f<trm  'celh  '  for  the  rvception  tif  otijecu  to  Im  mounttd 
in  fluid;  tiootber  centenl  boiiij;  cun)|iiirablc  toil  either  fur  legincily  or  durability. " 

"For  ftllsohini;  lalwls  nnd  covcrirc  pap^n^  bi  tlidei  either  of  glau  or  wmmIi 
and  for  flxint;  down  fiinttll  ol>j(<;t«,  nothini;  it  preferable  to  a  rather  Uilck  nmcilai^ 
et  gum  nrnhii  t«  wbi<.-b  oium-fb  K'vi^rrine  bat    b>?eii   added  tu  prurnnt   it  trom 
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4*Ttnt;  Irani,  witti  k  fvw  clni|<«  i>r  «i>nic  cmenliHl  oil  to  pruvant  tho  iievcl'>pmpnt 
•  ■{  riiiiulil.     Th^  rnllowine  fi>ritiii)<i  lio.'t  niii>  tiM^n  r<%oniniftnili.-d  :     Uiuolve  !f  uk 
"f  c*""  ■»'>lilc  in  2  OX-  (if  wii(<*r.  unci  tli(-ii  Mild  |  uf  nn  ox.  nf  ■•lakmj  Kslatine  (for 
ihi-  ■oliivir'n  "f  which  ili*"  *-iii>fi  'il'  IichI  will  \ni  roqiiired),  Sf»  drops  of  |;lycerlnc, 
unJ  *  lunipuf  i-*m|th(>r  " 

280.  Soldering.— Ti)  uiiito  nictnlD,  soldci-K  formotl  of  tin  hii<] 
lend  are  commonly  employed.  Of  these  tliere,  art*  Three,  viz.: 
ihte  soiiUr,  2  [mrtji  tin,  1  [>art  lend;  vonimon  solder,  eijuai  i>arts  ot" 
i-ach  metal ;  iiml  rmrse  suiilcr.  2  \iarU  lead,  and  1  ]mrt  liii.  These 
in  eftch  case  are  lu«o<l  together,  and  cast  into  ham.  The  snrfacee 
to  be  unite*!  shonld  l«  dean  and  bright.  To  prevent  formation 
of  oxide,  which  would  iiijui*e  a  |)i;rfuL-t  union  of  the  siirfaeei*, 
fiiilverized  rosin  is  diisted  over  the  ohjects  lo  be  nnilyd;  on 
Ihe  application  of  heat  either  hy  the  hot  holt  »r  hlow[ii|ie  tlatne, 
the  rosin  nielis  and  prevents  action  of  the  oxygen  of  the  air 
u|H>ii  (he  inetale. 

Many  metale,  as  copper,  must  l>e  tinned  Ueforu  thuy  ean  he 
ur)tte<l  liy  wildoring.  To  accompliflh  ihis,  the  surface  is  first 
scraped  or  tiled  elciin.  it  'm  then  heuLed,  and  ii  little  ehlorlde  of 
sino  solution  or  n  little  powdei^-d  Hiil-aiiiinoiiiite  diluted  on.  Il 
U  then  toucheil  uitli  the  rod  of  tin.  If  sutHcienlty  heated,  it  i» 
instantly  eontetl  with  tin.  The  execBJ'  of  tin  is  wiped  otf,  aiul 
(he  metallic  aurfoccs  uinted  under  a  auitahtc  temperature,  mor^ 
tin  or  Bolder  heiti^  need  if  n^ce^sary. 

.Silver  nohler  contain**  f!»i  per  cent,  of  silver  with  zinc  and 
copper.  The  practical  application  of  soldering  arises  continu- 
ally in  electriual  uxperiineiitutioii. 

[  281,  AdheiioQ  of  Solid  and  Liquid. — Of  this  the  following  ex- 
periment tti  on  example.  A  gloss  plate  is  suspended  hy  threatts 
»o  tJiAt  it8  surfaces  are  horizontal,  it  is  then  lowered  on  a 
cluan  surface  of  nieixiury,  which  has  iK^en  pnui-eil  into  a  nhallow 
dish  or  tdaT«.  The  moment  the  glaa.s  and  mercury  come  in 
contact,  tliey  adhere  with  such  6rmnes8  thai  considerable  force 
is  rcrptired  for  their  neparalion. 

This  form  of  adhesion  is  .stronger  than  that  between  soltds. 
If  oil  or  water  he  placed  hetween  the  adhesion  plates  (27**).  they 
adhere  much  more  tirndy  than  without  it.  In  the  case  of  lower- 
iiijE  a  f'UKifeiided  glas?*  plate  on  the  surfnce  of  water  1 18).  adhesion 
rvf  the  tluid-tor  the  solid  is  greater  than  coliesion  of  the  niulecules 
el'  the  rtuid  for  each  other.  This  is  dcnmnstrnted  hy  the  fiict 
that  when  the  pliiics  are  separated,  both  surfaces  are  uniformly 
mated  with  liquid.  The  force  which  ha.«  torn  the  molecules  of , 
li'piiri  asunder,  has  been  inade<|Uate  to  se|>arate  the  molecules  of 
Jiunid  from  those  of  the  solid. 

The  sanie  solid  may  show  ditt'er 
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letting  power  lor  ditlerent   fluids.     A  <lrop  of  nlcob-'l  falling 
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283.  Solution. — W'lien  a  soliil  dissolves  in  a  limiifl,  cohesion 
of  ilpi^  iii(tIe)'iiU;.s  of  t!ie  Kolid  is  broken  by  tlieir  adliesion  for  the 
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[i'lleciiles  of  the  liquid.  Tlic  limit  vf  nolubililir'  is  readied  or  a 
turatc<l  anlutiuii  turiiR-(),  w}ieii  thu  H.Untcttuu  of  atlhcsion  and 
thiit  of  cohesion  are  balariced  (339).  The  act  of  rtoliititm  is 
Ui*uall_v  attended  hy  a  fall  in  tcniperoture,  iirodiicol  by  coiiver- 
siiiti  oi'  spn«ible  into  latent  hfot.  When  solution  of  a  solid  ie 
Btteiiileil  by  cliutiiical  uctioii,  ix-^  tliu  fnrriiuiion  of  a  hydrate, 
there  is  a  riw  of  (empc-ratiir*',  as  in  the  case  of  lime. 
■  Anvtbiug  that  reduces  the  force  of  coheeion  favoi-H  that 
Bf  udliusioii.  If  \vu  dosinj  to  dissolve  Bait  or  sugar  more  rapidly, 
*u  pulx'orizc  them.  The  solution  is  accelerated  hv  siispyndiiig 
the  Holid  Jii8t  below  thu  surtacc  of  the  liquid,  Ilcat  also,  hy 
iiK-rfaitinjbc  the  iutermolecuhir  spaces,  ^norally  favors  noliition. 
To  this  there  are  some  curious  exceptions.  A  solution  of  lime, 
fur  example,  made  in  cold  ^vater,  will  deposit  a  moiety  of  the 
eoHf]  materinl  if  raised  to  the  boiling  point.  A  sohilion  of  aul- 
phale  of  soda,  made  in  ice-cold  water,  deposits  hard  gritty  crys- 
ttth  on  hcinjf  vvarme<]. 

K  The  explanation  of  these  phenomena  seems  to  he,  that  both 
BdhcaivQ  and  coheftirc  nltractioiLB  arc  diminished  hy  an  elevation 
of  tomperature.  Cohesive  force  being  the  most  Rensitive,  gen- 
erally tiutlers  mor;c  than  adhesive;  hi  i^xceptional  cases  the  re- 
verse happens,  the  adhesion  has  then  Hutterud  the  moHt,  and 
rluhility  IS  coneequcnily  dnninished. 
As  a  rule,  solids  dist^olve  in  liquids  which  have  similar  prop- 
erties; crystalline  bodies  in  water,  metals  in  mercury,  fata  m 
otld,  resins  in  alcohol.  This  constitutes  a  leading  dltterence 
between  the  molecular  adhesion  of  solution  and  chemical  attrac- 
tion. In  the  latter,  action  is  strongest  between  atoms  or  mole- 
cules which  arc  unlike  in  their  nature.  Thu  liquid  which  takes 
fap  the  solid  is  called  the  menfitrnum  or  soirml, 
T  When  two  or  more  tjalls  are  dissolved  in  water  without 
chemical  action  on  each  other,  three  conditions  result:  1st.  The 
quantity  of  each  salt  held  in  solution  is  less  tliau  when  it  alone 
iit  preaeni,  though  tlic  combined  quantity  18  greater  than  ^^'1letl 
only  one  salt  is  used.  2d.  The  quantity  of  oaob  is  lui  qrmt  tut 
when  (inly  one  is  u»ed,  then  the  totjil  quantity  dissolved  is  the 
sum  of  that  taken  up  in  each  single  Holution.  3d.  The  quantity 
iiwwilved  IB  yrm/rr  tlian  when  one:  alone  is  used;  the  addition 
^f  the  second  salt  in  this  ease  increasing  the  solubility  of  the 
"Iret,  and  oRen  the  firet  increasing  also  the  aolubility  of  the 
LTond.    See  (S30). 

284.  Adhetioa  of  Solid  and  Oat. — When  a  sheet  of  glass  is 

^mtnersed  in  water,  bubbles  of  gas  appear  on  its  surface.     In 

"jis  case  the  hnhbles  have  arisen  from  (he  layer  of  air  wliich 

pDvered  the  surface  of  the  plate,  and  was  carried  down  by  it 

k'hen  it  was  immei'setl  in  the  lluid.     The  bubbles  of  air  which 


2-46  fOTENTIAIi    ENEKGY. 

8ooti  appear  on  the  inner  snrtuce  of  a  goblet  of  freshly  draivu 
cool  water,  also  aftbrd  an  exahiple  of  tlie  adherence  of  gas  to 
solid  surfaces. 

In  certain  caaes  the  adherence  of  gas  to  a  8()lid  is  very  great, 
and  requires  resort  to  various  devices  to  overcome  it.  Am  ex- 
ample of  this  iri  oiiered  in  the  preparation  of  a  mercurial 
haronieter,  in  which  it  is  necesHary  to  raise  the  temperature  ot 
the  mercury  nearly  to  boiling  point  in  order  to  expel  the  film 
and  bubbles  of  air  which  adhere  to  the  surface  of  the  glass  tube. 

When  gases  are  evolved  by  electrolysis  on  the  surfaces  ot' 
plates  of  metal,  the  layer  of  gas  wliich  adheres  to  the  pliiie  lias 
audi  increased  density  that  it  can  cause  chemical  actions  of 
which  it  is  incapable  in  the  free  state.  Gases  in  this  eoTiditio" 
are  called  iiasre/il.     See  (335,  336). 

The  employment  of  Ijodies  in  the  nascent  state  or  cotulition 
has  proved  of  the  utmost  service  in  organic  chemistry.  It  luav 
be  said  that  the  great  advances  in  this  branch  of  science  are 
largely  due  to  the  utilization  of  the  property  in  question. 
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Million  and  repose — Vi'lotity — Tnijettory  and  law  of  movement — Kinds  of 
movement — Newton's  tliree  laws  «t  motion. 

286.  Motion  and  Kepoae. — A  body  is  in  movement  in  relation 
to  another,  when  the  relative  positions  of  theee  bodies  or  of  their 
parts  change  in  any  numner  wlmtaoever. 

A  IkkIv  i.4  in  repose  in  relation  to  another,  when  the  rehitive 
ponitions  of  these  bodies  or  of  their  parts  are  fixed  or  invariable. 
Furtlier  exjirension  of  tboee  ideas  will  be  fonnd  in  (41),  on 
mobility. 

In  the  true  or  abstract  ideji  of  motion,  independent  of  ita 
eauacrt,  the/or/»  of  tlie  body  ia  eonsidored  without  ro<i;ard  to  its 
other  properties,  whatever  they  may  be.  We,  thereJore,  spealc 
of  the  motion  of  a  ])oint,  a  line,  a  surface,  a  volume,  and  not  of 
•X  material  body.  The  body  or  figure,  the  motion  of  wlneh  is 
stndieil,  is  called  the  viohile. 

In  modern  phyeies  tlie  ntudy  of  motion  in  all  its  forms  and 
pet'uliariticH  is  of  the  utmost  importance.  It  would  almost 
seezn  tliat  Aristotle  was  moved  by  the  spirit  of  prophecy  when 
he  gave  utterance  to  the  aphorism  "  lie  who  is  ignorant  of 
motion  is  necessarily  ignorant  of  all  natural  things.'' 

286.  Velocity  is  the  product  of  space  and  time:  it  represent-s 
tlie  rate  of  iiioveinent.  Jii  J^nfjli.ih  works  ir/icii  not  itlhf.nci-'^f  .''tfitcd, 
the  i/i.stfince  /.'*  i/nfitrMood  fo  hi-  measured  in  fi'ct,  and  the  lime  to  be  one 
snoiuL  So  a  velocity  of  10  signifies  10  feet  i>er  second.  The 
rute  is  alsi*  nnderstf)od  to  lie  uniform  unless  otherwise  stated. 
When  the  velocity  is  very  great,  as  in  tlie  ruovenietit  of  electricity. 
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it  is  given  in  miles  per  secotid.  The  followiug  are  examples  of 
velocities.  Knowledge  regarding  them  is  frequently  of  use  in 
medico-legal  inquiries. 

MII«iD 

DMKCUIld. 

Electricitv,  short  circuits not  less  than  200,000 

Light      ' mM 

Electric  currents  in  telegraph  wires  (voltHio) 12,000 

FmIId 

Kelutive  motion  of  the  sun  in  space 20.'i,92(' 

Aerolites  jr  lihooting  stars 114,000 

Mean  rate  of  the  earth's  centre  in  its  orbit  round  the  sun  101,0*5^ 

Sound  truvei^inv;  solid  bodies *''*'*^ 

Mean  velocity  of  air  from  explosion  of  gunpowder           ....  ^'''^^ 

Sound  traversing  water *'^*^^ 

Vok-anic  stones  projected  from  the  volcano  of  Teneriffc,  1798  ^■*'^?^ 

A  24-pi>und  cannon  bull  (maximum) ^'*52» 

Kifle-ball  (maximum) ItSO"; 

A  point  at  the  surface  of  the  earth  under  the  equator      ....  ^"''^^ 

A  common  musket-hall  (maximum) ^"^^^ 

Air  rushing  into  a  vacuum        ...                   ''"S^ 

Volcanic-  stones  projected  from  Etna 1.2jV~ 

Sound  traversing  air  at  a  temperature  of  60°  ....        about  l,l".y~ 

Sound  traversing  air  at  S2*' ^'^'.^D 

A  point  tit  tho  earth's  surface,  latitude  of  London            ....  9.>*-^ 

Bullet  discharged  from  air-gun  (pressure  equal  to  1500  pounds  on  the  ^_^ 

square  inch) *^^^ 

Maximum  velocity  of  wave  of  Lisbon  earthquake,  1756  64.^^ 

Flight  of  a  swift 25^^ 

Minimum  velocity  of  wave  of  Lisbon  earthquake,  1755  '**^S 
The  most  violent  hurricane      ,.,....                    146  to  Itil)^^ 

Flight  of  a  swallow  ^^^^5 

Flight  of  an  eider  duck '^^2 

Waves  in  a  heavy  swell  of  the  open  South  Atlantic  Ocean  '?^S 

Flight  of  carrier  pigeon   ..........  120^* 

A  hurricane      ............  117 

Current  in  nerve  in  man  ..........  HlS 

Lociiuiotive  (70  miles  an  hour)         ........  102 

Flight  of  a  Falcon  ....                 83 

Race  horse .        .  80 

A  storm  (al-o  a  tidal  wave  in  the  British  chunfiel) 78 

Ordinary  race  horfie 42  to  50 

Flifjht  of  a  crow 37 

A  brisk  wind 36 

Steamship  (18  miles  per  hour)  , 25 

Man  on  a  bieycle      ...                   24 

Current  of  mo.^t  rapid  rivers 13 

A  wind  of  mean  intensity         .........  10 

A  earriBfje  going  six  mil*;,''  an  hour  ........  nearly  9 

The  f:ii]f->troiini  (maximum) 7 

Man  walking 6 

Ati  ordinary  wind 6 

Mean  veiocitv  of  the  current  of  rivers 4 

„  .      ,  '■  -,  a       -A        f  carotid 1.6  to  0.75 

Rate  of  arterial  flow  in  dog  ■[  ,„(,t„tarsul 0.075 

_  ,  n        ■      1        I  jugular 0.7.> 

Riite  of  venou.^  flow  in  dog  -j  ^„.^,^,i,,^„,  .  ,  .  ,  0.  verv  slight 

Snail 0.006 
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287.  Tngectory  and  Law  of  Hovenent. — A  |>niiit  in  niovcnieiit 
lv)i(.Ttl>e8  ]L  liiiv  whicli  iR  (.'itlit'i'  Htrnight  or  curvet).    This  line  ig 
ullfd  its  jmth  or  trujcctorv.     The  triijcdorv  is,  therelbru,  the 
icceasivf  positions  nl'  a  point  in  motion  (I2fl3). 
Tiic  rt'latiou  t.'xit»iiiijf  bftwcoii  any  portions  of  the  Irajcclury 
and  the  rate  of  niovoiiu'nt,  or  tinio  occupied  by  the  jioint  in 
-niiiklnff  ibeni,  is  tlie  htw  of  luovuniuut. 

■    The  law  of  movement  is  expressed  by  an  (Kjuation  or,  uceord- 

^ng  to  the  ^aphic  method,  by  n  curve  constructed  in  tlie  fol- 

lowine  niunuer:    Two  atraiKht lines.  O  X  and  0  Y,  oiigiuute  at 

""  Buu  pass  therefrom  at  right-angic  to  each  other.     Ot  theeo 


S.B- 


Flu  toe 


3   »_*! 


Jo 


ss  la.f         /ss 

latr  of  RioVMiivM. 


inofl  lot  O  Y  represent  difilanoc8  in  tenths  of  inches,  or  any 
her  measure,  as  expressed  by  the  values  Tid,  lOd,  on  the  scale, 
and  ()  X  times  in  seconds,  a^  expressed  by  5s,  10a,  15s.     To 

fem  line*  the  names  axis  of  at^iss'is.  0  A',  and  ajris  of  ordbtctts^ 
Y,  are  given.     Tliey  ore  aluo  culled  ctiirdmale  axes. 
Snp[Kisc  a  mobile  point  during  a  time  equal  to  .*>s  haa  travelled 
dibtance  expreKwed  by  5d.     The  jjosition  of  the  point  is  found 
l>y  drawing  a  line  from  5*  parallel  to  O  Y,  and  another  from  5d 
kndlel  to  O  X.  the  intersection  of  tliese  lines  at  1  will  then 
low  the  position  of  the  point  at  the  moment  indicated. 
This  position  ooufiL-ctcd  with  O  from  which  the  two  measures 
Originated,  giwfi  the  line  i>f  movement,  which  in  the  ca«e  in 
piiftion  iBBtratght,  as  ia  shown  by  ()  1. 
The  line  0  X  in  the  ligui-e  being  the  axis  of  abscissa?,  O  b»  is 
10  ahsehsa  of  the  point  1.    Tho  line  O  Y  beiug  the  axis  of 
linatca,  the  doited  line  Ss  1  i«  the  ordinaif.  nf  the  point  1. 
Su|*no»e  that  in  tlie  additional  time  2($.  the  point  has  travelled 
nn  itihlitional  unit  of  dit^Iunre,  ilH  position  will  then  be  at  'J,  and 
the  direction  of  the  line  of  movement  will  be  changed  as  repre- 
■tentcd. 

'  Following  llio  anmo  method,  the  positions  represented  by  the 
intersections  or  eroeaea  at  3,  4.  6,  etc..  are  established,  each 
ex[in'8)«ing  the  lime  at  which  the  point  htiH  travelled  a  given 
difiturti-c.  Thcfie  intersections  being  connected,  give  the  curve  ot 
>ventenL  0  1>. 
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This  method  is  not  absolute  diilcBs  it  gives  the  character ot  the 
movement  in  the  intervals  between  the  recorded  times. 

The  law  of   movement  being  known  or  represented  by  its 
curve,  we  possess  solutions  of  the  following  questions; 

Ist.  In  a  given  time  from  the  moment  of  departure,  what  is 
the  distance  from  the  point  of  departure? 

2d.  A  mobile  point  being  a  certain  distance  from  the  point  of 
departure,  how  long  from  the  time  of  departure  has  it  taken  to 
reach  this  position  'i 

All  kinds  of  phenomena  may  be  represented  by  this  methotl* 
which  otters  the  great  advantage  of  a  direct  appeal  to  the  ey^- 
Suppose,  for  example,  wc  desire  to  show  the  solubility  of  asal*^ 
at  various  temperatures.     In  that  case  O  Y  being  the  tempera- 
tures, and  O  X  the  quantities  dissolved,  the  curve  O  D  is  th^ 
curve  of  solubility  ot  the  salt  under  examination.     Again,  le  ^ 
O  Y  represent  the  number  of  respirations,  and  O  X  the  hour^^ 
at   which   the   count   is   taken,    beginning  at    1.      The    ciirvc:^ 
1,  2,  3,  etc.,  D,  is  then  the  curve  of  respiration  for  the  time- 
The  record  of  the  sphygmograph  is  another  application  of  the- 
same  principle,  in  which  the  force  in  action  records  its  own 
curve.     On  the  abscissa  and  ordinate  of  this  curve  the  relative 
force  of  the  heart's  action  at  any  moment  is  seen,  both  for  a 
single  beat  and  for  a  number  of  beats  compared  together. 

288.  Kinds  of  Movement. — The  t^iinplest  kind  of  movement  is 
that  calluil  imiform  morem.e/U,'m  which  equal  spaces  are  traversed 
in  etiual  liiiiscs  of  time.  In  tliis  case  the  curve  produced  by  thu 
graphic  method  is  a  straight  line. 

All  movemeiita  wliicii  are  not  uniform  are  called  variable. 
These  may  be  unifonidy  atrial  or  not.  Of  these,  again,  the 
simplest  is  the  uniformly  varied  movement,  which  is  either 
accelerated  or  retarded.  (.)f  accelerated  movement,  gravity  is  an 
example.  Retarded  movtinient  is  illustrated  by  the  resistance  of 
air.  Of  irrcgiilurly  rm-iiul.  inorcincnt,  the  curve  represented  iti 
Fig.  Myi  is  an  cxariiiile,  the  motion  being  at  one  time  accelerated 
ami  at  another  retarded,  as  is  shown  by  flexure  of  the  curve. 

289.  Newton's  Three  Laws  of  Motion. — lat.  .1  bwiy  free  frum  tin- 
intfr/cri-iin-  u/  t.clvniiil  ni'iller  <ir  /on-c  wili  either  remain  foreirr 
ai  /r.-7,  or  irill  iimce  uiilfoniili/  in  <i  slraiyhl  Hue. 

2d.  Any  irh'tiiye  in  the  amount  or  the  direction  of  a  hodi/'s  nioti'in. 
ntiisf  Ih:  itne  Ai  the  aelimi  of  >^'nne  forev  iin/iresscd  on  the  body  in  thi- 
dirc'-tioii  of  that  chanye,  and  is  a  niexsiire  of  thai  int  pressed  force. 

3d.  Then:  i^  im  itetion  ur  nn'liini  in  the  universf,  hut  at  the  expense 
of  ail  eijHal  and  <ip/>ositi'.  ronnomitaid  action^  or  ^^  aetion  and  rcnetion 
are  e/pial  and  oppo.sile.'' 

Place  a  magnet  in  the  pan  of  a  balance  and  counterpoise  it. 
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en  approach  a  niasB  of  iron  under  the  pan  and  by  weiglits 
?a8ure  the  force  required  to  overcome  the  attraction.  Keverse 
;  arrangement,  place  the  niaefl  of  iron  in  the  baiance  pan, 
iiiterpoii-e  it  and  approacli  the  magnet.  If  care  has  been 
on  ttiat  the  relative  distances  apart  of  the  magnet  and  iron 
the  fanio  in  both  experiments,  the  force  of  attraction  ia  the 
i«  in  both  cases.  It  matters  not  what  the  rehitive  sizes  of 
magnet  and  mass  of  iron  may  be,  for  any  given  conibi- 
ion  tlie  attraction  of  each  for  the  other  is  the  same,  or,  the 
icn  and  reaction  are  equal. 

r*he  approach  of  two  boats  freely  floating,  when  a  person  in 
i  is  pulling  at  a  rope  attached  to  the  otlier,  the  recoil  of  a 
e  not  tirmly  held,  the  action  of  a  propeller,  are  familiar 
iniples  of  the  principle  of  e(iuality  of  action  and  reaction. 


(MIAPTEK    I  V. 

MKASUUKSIKNT  .VND  RErKKriENTATION  OF  ENEKGY. 

I-  iiiiil  (if  time — Th«  unit  i>f  i-pBPC— I'nits  of  weight  iind  mass — Kppret-onln- 
tiuti  iif  forr-P:!  hy  lines — Tlic  |>nnillel')(;riiiii  nf  forues — Mamt'ntiiin  and  iiieus- 
un-  of  furi'i- — Work  iiti<l  unit  of  work — Mi'usiirt'ment  "f  energy. 

TliRKK  elements  enter  into  the  measurement  of  force  and 
ergy.  They  are  time,  space,  and  weight  or  masf.  For  each 
these  a  dciinite  unit  has  been  devised. 

290.  The  Unit  of  Time  is  the  Hecon<l.  I'ndcr  ordinary  circum- 
iiccs,  the  second  einjiloyed  is  that  of  immi  fiuhir  time.  The 
le  which  ehqpses  between  two  transits  of  tlie  suirs  centre  at  a 
.•en  nieriilian  is  called  an  apparent  day.  Since  this  interval 
ries  slightly  from  day  td  day,  its  average  duration  i^*  taken 
d  if*  called  the  )ite<iii  mhiy  fOn/.  It  is  divided  into  24  hours, 
;li  of  thesu  into  fiO  minutes,  and  these  into  (if)  seconds  each. 
le  second,  therefore,  is  tlie  H(i,400th  jmrlion  of  a  mean  solar 
v.  It  is  (leterinini'd  in  pnitlicc  bv  tht'  beat  of  the  seconds 
tiduluni  (MfU;). 

281.  The  Unit  of  Space  is  tri]>le,  according  as  the  nieasurcment 
1st.  Of  length  or  distance;  2d.  Of  urea  or  surtitcc;  and  ;>(1. 
■  volume.     The   Knglish  standard  of  length  is  the  Inipei-ial 
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3'ard,  or  the  distance,  at  60°  F.,  between  two  marks  on  a 
metallic  rod,  which  is  preserved  in  the  Tower  of  London. 
Custom  has  substituted  the  foot  or  one-third  of  the  yard  as  the 
practical  unit.  The  French  standard  of  length  is  the  j/wfr«; 
this  is  very  nearly  the  ten-millionth  of  an  arc  of  the  earth's  sur- 
face extending  from  the  pole  to  the  equator.  It  also  is  practi- 
cally fixed  by  marks  on  a  certain  rod. 

The  length  of  the  seconds  pendulum  in  latitude  45°  is  0.99^ 
metre,  which  diftbrs  from  a  metre  by  only  6.5  millimetres.  The 
English  and  French  units  bear  the  following  relations  to  each 
other. 

Th«  vurd  =0.014383  metre. 
The  metre  =  1.09S083  yard. 

The  unil  of  area  is  a  square  each  side  of  which  is  the  unit  of 
length.  The  unit  of  volume  is  a  cube  each  edge  of  which  is  the 
unit  of  length. 

292.  TTidtB  of  Weight  and  Mass. — Bodies  are  of  equal  weight 
if  they  counterpoise  each  other  when  weighed  in  vacuo. 

The  English  unit  of  weight  is  the  pound  (avoirdupois).    It  is 
a  certain  platinum  weight  kept  in   the  Exchequer  OflBee  it* 
Loudon.     All  other  weights  are  multiples  or  submultiples  o» 
this.     The  practical  French  standard  is  the  gramn^e,  which  i^ 
the  weiglit  of  one  cubic  centimetre  of  pure  water.     The  kilo — 
gramme,  or  one  thousand  grammes,  is  also  used  as  a  unit;  it  i^ 
equal  to  2.205  pounds  avoirdupois. 

The  weight  of  a  body  varies  according  to  the  action  of  gravitj-^ 
upon  it.  The  mass  of  a  body  is,  on  the  contrary,  invariable,  it  - 
is  tlio  quantity  of  matter  it  contains. 

Any  given  substance  has  the  same  mass  wherever  it  is  placed. 
On  tlie  moon  its  mass  would  be  the  same  as  on  the  earth,  but 
since  the  attraction  of  the  moon  is  less  than  that  of  the  earth, 
its  weight  on  the  moon  would  be  proportionally  less. 

If  the  weight  of  a  body  at  any  given  place  is  divided  by  the 
aeeelerative  force  of  gravity  at  that  place,  the  quotient  obtained 
will  be  the  same  nt  all  places,  since  weight  varies  with  the 
force  of  gravity.  This  constant  quotient  is  a  valuation  of  the 
body  for  all  locations,  and,  therefore,  represents  its  mass.  It  is 
generally  expressed  by  the*  formula: 

1(1     ^^     — . 

9 
To  find  the  mass  of  a  body  for  the  earth's  surface,  the  value 
of  g  at  45°  latitude  is  taken.     It  is  equal  to  32.1724. 

293.  Kbpresentation  of  Forces  by  Lines. — Both  attraction  and 
motion  may  he  represented  hy  means  of  lines.  This  method  is 
commonly  known  as  the  graphic  method.     It  is  invaluable  in 
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labling  im  lo  detect  the  relations  of  various  plieiiomotm  to  each 
her,  and  to  determine  the  laws  uiidur  which  they  arc  jn-mliiced. 

liK-h   lines  may  be  either  HirnJElit  (>r  curved.     The  following 
ail  exaniple  of  tins  nietluMl  taken  from  Gaiiot. 
Dmw  any  straight  Ihie  A  B  (Kig.  I'lS),  and  fix  on  jiiiy  point 
in  it.     ^^  0  inuy  suppose  a  force  to  act  on  the  point  O,  along 

Fio.  108. 
B  M  0  N  A 


It«rivviilittlnn  of  (iirfi  hj  Hurt 

line  A  B,  either  towards  A  or  B;  then  0  is  called  the  paint 
ipj^ication  of  the  force,  AB  its  line  of  action;  If  it  acta 
towards  A,  ita  dirtrtion  is  O  A ;  if  toward  B,  ite  direction  itt  O  B. 
It  is  rarely  necessary  lo  make  tlie  distinction  between  the  line 
of  action  and  direction  of  a  force,  it  being  very  convenient  to 
have  the  underHldtiding  Ihat  llie  slalotncnt,  a  force  aetin  on  a  point 

0  along  the  lint  O  A.  means  that  it  acts  from  0  to  A.  Let  ns 
euppoec  the  force  which  acta  on  O  along  0  A  contains  V  unita 
of  force;  from  0  towards  A  measure  <_)  N, containing  i*  units 

01  length ;  the  line  0  X  is  said  to  represetit  the  force.  The  analogy 
between  the  line  and  the  force  is  very  complete;  the  line  O  N 
U  drawn  from  O  in  a  given  direction  O  A,  and  contains  a  giveii 
nutnlicr  of  unite  I\  juHt  as  the  force  avU  on  O  in  the  direction 
O  A,  and  contains  a  given  mmiher  of  units  P.  It  ie  scarcely 
necessary  to  add  that  if  an  equal  force  were  to  act  on  O  in  the 
opposito  direction,  it  would  he  said  1u  act  in  the  direction  ()  H, 
and  would  be  represented  by  O  M  equal  in  magnitude  to  O  N. 

When  we  are  considering  several  forces  acting  along  tlie  same 
Jj^ne  wo  may  indicate  their  directions  by  positive  and  negative 
■gns.  Thus  the  forces  mentionetl  nbove  would  be  denoted  by 
^e  ayrahole  -|-  P  and  — P  respectively. 

291  The  Parallelogram  of  Force*  is  the  name  given  to  a  device 

which  we  may  measure  the  result  of  the  inflnencos  of  two 

Jrcea  upon  a  point,  when  tliey  both  act  at  the  same  moment  of 

Pw.  104. 


PanllaWniei  of  fam*. 


time.     The  method,  as  will  bo  readily  understood,  also  covei-s 
tlirectioii  and  velocity.     It  is  an  application  ot  the  principles 
lUBcribcd  in  the  preceding  article. 
When  two  forces  act  on  a  i>oint  A,  Fig.  104,  draw  from  that 
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point  two  lines  A  B  and  A  D,  representing  the  forces  in  direc- 
tion and  magnitude.  On  these  lines  construct  the  parallelogram 
A  B  C  D.  The  resultant  of  the  forces  will  then  be  represented 
in  direction  and  magnitude  by  the  diagonal  Hne  A  C  drawn 
from  the  point  A.     See  article  (293). 

Examples  of  the  application  of  this  and  the  preceding  para- 
graphs are  found  in  the  chronograph,  for  the  measurement  of  small 
intervals  of  time ;  the  myogrnphimi,  for  the  study  of  the  charae- 
tera  of  the  movements  of  muscles.  To  these  the  tamhovr  of 
Marey,  for  the  transmission  of  action  from  one  point  to  another, 
might  be  added. 

295.  Momentom  and  Meatnre  of  Force.^M omentum  is  the  pro- 
duct of  the  maas  and  the  velocity  of  a  body.  A  body  having  a 
mass  equal  to  five,  and  moving  with  a  velocity  of  ten  feet  per 
second,  is  said  to  have  a  momentum  of  fifty. 

If  a  force  is  constant,  it  is  measured  by  the  momentum  it  can 
communicate  to  a  body  in  a  unit  of  time.  If  it  is  variable,  it  is 
measured  at  an^  moment  by  the  momentum  it  would  give  to  a 
body  if  it  continued  constant  from  that  instant.  The  EngUi^i 
Hint  of  force  is,  '■'■  that  force  which  acUng  upon  a  pound  of  moiler 
would  produce  in  one  second  o  rehcity  of  oiufoot  per  second." 

lu  the  use  of  the  term,  pound-weight,  it  must  be  remembered 
that  since  gravity  differs  at  different  parts  of  the  earth's  surface, 
a  pound  weight  at  tlie  equator  is  not  the  same  as  a  pound  weight 
at  the  pole.  A  weight  of  platiTium  which  is  counterpoieed  by 
the  elasticity  of  a  spring  stretched  to  a  certain  point  when  it  is 
at  the  equator,  requires  a  different  extent  of  stretching  of  the 
spring  to  Ijalance  it  at  the  pole  {299). 

The  question  of  the  momentum  or  force  of  winds  occasionflHj' 
liecomes  a  matter  of  importance  in  connection  with  medico- 
legal inquiries.  In  this  case  the  momentum  is  usually  estimated 
as  pressure  on  the  square  foot. 

Momfntunt   of  tpi/irfs. 

i'liiirac  ii'i . 
.     (icntle  breeze. 
A  brisk  gain. 
Very  brisk. 
lli^Ii  wind. 

Very  liipli  winds, 

A  storm. 
A  jiitiMt  siMriii. 
Iliirricjine. 
IQQ  ,,,  .,Q  ;  A  liurricHnL-  lhnt  tears  np  trees, 

■\      iiud  di'Mroys  nil  befiir*- il. 


Mik. 

t'urcc!  ill  imiind' 

per  hiiiif 

oQ  !*qTJin'  f'hil 

6 

o.ii; 

10 

0.4it  1 

I--, 

1.11  , 

20 

I  97 

SO 
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40 

T.KT) 

45 

'.i.'Mi  i 

50 
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296.  Work  and  the  Unit  of  Work, — Wlien  a  (orcv  pniiliitts* 
tccelerution  ni'  motion,  or  when  it  mainlain!)  iiiolinii  uiir)iang<>(l 
n  opposition  to  resiHtunuu,  it  is  suid  to  do  work.  Of  all 
tandttrtls  which  niipht  be  cnijiloyLui  Jor  iiurpost-s  of  meiisurc- 
nent,  iiooc  is  more  invftHuble  than  gravity;  evoii  rceietance  of 
kir  rnrieR  with  ittt  temperature,  clmiigcs  in  which  caiiso  vnria- 
■on«  iu  itft  weight. 

Work  <Uif«  not  neeewjirily  incliido  time  as  urif  of  ils  factore. 
Die  >^oiivf\atice  of  lOft  hrivk*  to  rhe  top  of  a  hiiihlitig  re*iiiirc8 
itoiihiti  the  work  uct^ded  to  raie>e  60  bricks  to  the  uame  altitude. 
It  IB  also  iitdepondLMit  of  the  origin  of  ihe  force,  wht'tlier  pro- 
Jnced  by  man,  horse,  or  Bteam.  It  is  the  reanlt  only  whicli  is 
lealt  with.  viz..  the  elevation  of  a  certain  weight  to  a  certain 
height. 

Tfte  British  unit  of  work  i*»  culled  the  /oot'poiituf.  It  may  he 
ileHiie<l  a«  tlic  energy  required  to  n»i«e  one  jwiutid  of  any  kind 
of  matter  through  the  vertical  height  of  one  foot  at  the  latitude 

rX<ondon. 
7'hf  t'rmch  imit  of  icork  is  i-alled  the  kilagrammeire.     Il  is  the 
energy  required  to  raise  one  kilogramme  (292)  to  the  vertical 
iieiglti  of  one  metre  (291).     The  Ui  log  ram  metre  isetjuivalent  to 
out  7.24  foot-pounds. 

To  delennine  the  amount  of  work  resulting  in  any  action: 
utliplff  the  ichoff-  \cfight  in  pounds  htj  the  iirticarkiiifht  in  ffet,  mtii 
ftroituct  if  Otf  nmnhn- of  foot'/miinds  qf  icftrk  tinne.  For  llie 
Kreneli  pystom :  MiiUi/Ui/  the  whoU  irdi/ht  in  kilot/rawmes  btf  the 
m-tiral  hciffht  in  metres,  and  the  tmrk  done  is  represented  by  the  tmrn- 
ier  of  kilo^fittnmi'trex. 

297.  Meaanrement  of  Energy, — A  rnihvay  train  going  with 
(IouMl-  velocity  pfHu-choei*  dnulilc  fjiumtity  ol  motion,  momentum, 
or  Hhoek-giving  power;  hut  it«  energy  or  power  of  uvercnming 
reftiatflncc  »r  four-fold  that  it  had  at  half  the  ftpced.  It  will  go 
four  times  as  lar  before  it  6to|M<i  after  the  steam  is  shut  ot)'. 

A  ball  which  haw  the  power  <ii  peiietniriiig  one  plank  when 
oving  ■with  a  certain  vcl'K-ity,  will  ]n.iirtntte  four  plank.-  of 
cnual  thickness  if  its  veloeitj*  is  doubled,  llunee  we  have  the 
iollowing  rule :  l*aiefrathuj  jmuu-v,  or  energy,  increases  a.i  Ou:  square 
Jff  the  rate  at  which  the  vflneity  inevftixts. 

The  jienelrntiiuj  fmwe.r  of  pr^ijerfilrs  from  ^rearms  ie  often  a 
matter  of  nietlico-h'gal  inijiiiry.  Of  eourso,  it  varies  for  dif- 
ferent parts  of  the  liody  and  for  dillt-Tenl  persoof*  accnniin^  It* 
the  lhi»'kne«H  of  the  organw  IraverstMl  and  their  composition. 
In  a  general  way,  however,  the  average  resistance  of  the  body  is 
given  as  being  equivalent  to- about  that  of  two  iiiches  of  the 
soft    wood    called   deaf.      At    close    range,   therefore,   a    bullet 
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which  has  sufficient  energy  to  penetrate  a  numher  of  two  inch 
deal  planks,  would  pass  torough  the  bodies  of  an  equal  namber 
of  individuals. 

The  relations  of  work  and  energy  may  be  better  understood 
by  comparison  of  their  units.  That  of  work  is  the  work  done 
in  lifting  a  one  pound  weight  one  foot  high.  That  of  energy  is  the 
energy  expanded  in  Mfting  a  one  pound  weight  one  foot  mgh  in  one 
secona. 

Again,  to  find  the  work  done,  the  weight  in  pounds  ia  multi- 
plied by  the  height  in  feet.  To  find  the  energy  in  a  moving 
body,  the  weight  is  multiplied  by  the  square  of  the  velocity  and 
the  product  divided  by  64J,  or,  for  rough  estimate,  64. 


CHAPTER    V. 

VARIETIES  OF  MOLAR  MOTION. 

Rectilinear  iniHion — Fulling  bodies — Sand-glass — Path  of  projectiles — Collision— 
Impact  and  transmission  of  impulse — Reflection  of  rectilinear  motion — Oscil- 
Iminy  (ir  reciprocating  motion — The  pendulum — The  metronome — The  balance 
wheel — Rotation — Molar  motions  typical  of  intramolecular  movemenlfr— 
Centrifugal  and  centripetal  forces  or  motions — Applications  of  centrifu^til 
force. 

Molar  motion  may  be :  Ist.  Straight  or  rectilinear.  2d.  Oscil- 
latory.    3d.  Rotatory.     4th.  Centrifugal  and  centripetal. 

298.  Kectilinear  Motion  is  also  called  direct,  straight,  and 
translatory;  the  latter  term  is  also  used  in  the  case  of  motion 
in  curved  trajectories. 

In  direct  or  rectilinear  motion  the  molecules  of  a  body  are 
not  disturbed  in  their  relation  to  each  other.  The  nearest 
approach  to  absolute  rectilinear  motion,  as  far  as  the  earth  is 
concerned,  ia  offered  by  falling  bodies  in  which  the  body 
is  moving  in  the  direct  line  of  gravity,  or  attraction.  Movement 
of  a  body  in  any  other  direction  is  interfered  with  by  gravity, 
which  tends  to  draw  it  out  of  its  straight  course.     We  shall, 
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Jcrcforc,  6rst  take  up  ihe  study  of  reotilinesr  motion  as  jjpe- 
l^ted  by  falling  bodies. 

V899.  Falling:  Bodies. — The  aiK^icntB  iiiiiintained  tliat  the  velocitj' 

■  »  railing  \>iH\y  is  proportioniil  lo  its  weight,  and  cited  the 
example  ot'  a  stone  and  a  ffatliur.  When  (Jalilco  denied  tliia, 
h»  was  ridiculed  by  the  disciples  of  Aristotle,  and  though  he 
proved  his  opinion  by  dropping  bodies  of  ditiercnt  weights 
Toni  the  leaning  tower  of  Pisa,  and  showing  that  they  all  struck 
:he  pavvnieiit  at  the  same  time,  they  were  still  incredulous. 

Tiie  only  force  with  which  falling  bodies  have  to  conleud,  is 

ftisiancii  of  the  air.  In  the  ease  of  very  light  solids  this  is 
great  as  to  drive  them  from  their  reetiliuear  course,  as 
Bhown  by  the  nianucr  in  which  a  fealher  or  a  pieee  of  paper 
blls  thrnngh  the  air.  Removing  tliifi  resistanre  and  leaving  the 
jofly  to  the  simple  action  of  gravity,  us  may  he  done  in  tin;  ex- 

K'mcnt  of  the  guinea  and  leather  tube  (193),  we  tind,  that  in 
leuum  all  bodies  have  the  same  rate  of  moveuieiit  at  the 
e  moment  of  tirno.     The  rale  of  movement  or  velocity  of  a 
Uling    biwly    can,   therefore,   only   be    correctly    measured    in 
hvacuum. 

[lu  the  case  of  falling  litjuids  it  is  partly  roeistance  of  the  air 
lich  causes  them  finally  to  break  into  drops,  or  even  into 
IDC  mist,  as  is  seen  in  the  Fulls  of  Montmorency  and  at  tiie 
Staubacb  in  Switzerland.  In  a  vacuum  liquids  fall  like  solids, 
without  disturbance  of  their  moleculee,  as  is  shown  by  nuive- 
merit  of  the  flnid  in  the  instrument  called  the  water  hanniicr 

Tbe  Bitace  travertted  by  u  body  falling  in  vacuo  from  a  state 
of  rest,  18  roughly  given  at  sixteen  feet  at  the  end  of  the  first 
second,  but  it  varies  at  difi'erent  latitudes  as  is  shown  in  the 
following  table: 

I 

■  The»6  differences  are  owing  to  variations  in  the  attractive 
Btco  of  gravity  at  these  latitudes.  A  body  near  the  equator 
tends  to  fly  otl"  from  the  surface  by  centrifugal  force  (811).  By 
just  so  much  is  the  force  of  gravity  diminished.  At  tiie  pole  the 
centrifugal  force  is  nothing.  Again,  the  earth  is  not  a  true 
i^ihere.  but  is  flattened  at  its  poles.  The  pnlar  regions,  there- 
jore,  being  nearer  to  the  centre  of  gravity  of  the  earth  than  the 

latorial,  attraction  of  gnivity  is  greater  at  the  poles  than  at 
equator.     It  is  these  causes  taken  together  which  increase 

17 
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the  gravity  and  weight  of  a  body  at  the  pole  compared  with  Uiu 
it  hutt  at  the  equator,  aud  al»o  increase  ihu  dititant-e  through 
which  it  falls  in  one  t^ocond.  At  the  ei]iiat<>r  thu  attraction  i» 
\e»»  by  about  ^-^  part  of  itfl  value  at  the  poles. 

The  velocity  of  a  falling  body  at  any  moment  of  time  bw 
been  experimentally  proved    by   various   forms   of  appiiram*. 
among  which  Atwood's  machine  and  that  of  Morin  are  worthj 
of  special  mention.     In  the  latter  a  falling  body  tracer  itBOUii 
curve  of  niovomcnt  on  a  revolving  cylinder.    The  invefttigatioiis 
in  qiiestian  demonstrate  that   the  velocity  of  a  falling  bodvii 
proportional  to  the  rime  diirint;:  which  the  motion  ha-J  lastr'l.    K' 
increases  in  an  aritlinietieal  ralio  or  progression.     At  the  eudi" 
the  Srst  second  it  is  thirly-lwo  feet  per  Hucond ;  of  the  secont^'^ 
sixty-four;  of  the  third,  ninety -six;  and  so  on. 

In  all  there  are  three  laws  under  which  the  phenomena  rep 
seated  by  falling  bodies  may  he  grouped,  as  followa: 

l»t.  In  a  vacuum  all  bodies  fall  icith  tkt  same  vdocUtf  frxmi  a 
of  rest. 

2d.    'I  hf  distances  Iracersed  are  propartioimte  to  the  square^  oft 
times. 

Sd.  Tlie  velocities  are  proportionate  to  the  fhnes. 

300.  The  Sand-glaBB. — In  former  times  measurements  of  brie 
lapses  of  time  were  made  by  the  movement  of  falling  boilit 
such  as  water  and  sand.     Where  the  first  of  these  was  used  th^^ 
clock  produced  was  called  a  rlepstfdra.     When  Biini^' 
or  other  finely  divided  solid  was  employed  it  wi 
called  a  sand-f/lass. 

This  ir\sirnn»ent  confiisls  of  two  hollow  glasT 
eoncft  sot  apex  to  apex,  and  communi«.-atiTig  with 
eaeh  other  hy  a  fine  opening  at  their  apices  A. 
The  upper  division  contjiins  such  quantity  of  8and 
as  requires  a  given  lapse  of  time  to  fall  through  the 
opening  into  the  lower  division:  according  as  this 
ia  1,  3,  .j,  or  more  mnuites,  tlie  apparatus  is  called 
a  1,  H,  or  i')  minute  >;and-glu8it. 

When  time  is  to  he  mea-<uro(l,all  the  sand  is  ran 
into  the  lower  divlsiou ;  at  the  instant  of  beginning 
the  measurement  the  glass  is  quiekly  inverted,  bringing  the  filled 
division  uppi-rmost.  As  the  last  particle  passes  thrcjagh  the 
opening  the  operator  calls  fime.  The  sand-glusa  is  stul  em- 
ployed to  measure  time  in  easting  the  log  h}-  sailing  vessels. 


Fio.  106. 


ni^^ 


Huift-nhB 


301.  nte  Tri^'eotory  of  Projectiles. — If  we  exchide  resistance 
the  air,  the  following  prosentation  of  this  pi-oblem  would  be  its 
solution  when  a  spheroidal  projectile  is  thrown  in  the  horizontal 
diroetion. 
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Let  a.  Fig.  lOfi,  be  a  body  thmwn  with  a  velocity  of  a  h  feet 
per  aeconcl.  If  notliing  interfered  with  iLs  motion,  it  would  in 
2.  3,  4,  5  seconds  reach  the  points  c,  </,?,/.  But  daring  ita 
transit  gravity  is  acting  upon  ir,  the 
vertical  positiontt  2,  3,  4,  ft,  represent 
the  effect  of  tliitt  foree  during  the  time 
the  original  projectile  force  is  in  opera- 
lion,  eonsequently  the  actual  course  or 
trajectory  of  the  projectile  is  the  re- 
sultant of  these  two  forces.  At  tho 
end  of  the  tirut  second  tlic  projectile  is 
at  fi'  itiittewl  of  6;  at  the  next,  at  c', 
und  m  on.  f'onnoctiiij?  these  points 
we  obtain  the  cnrveil  tine  it  J',  which 
is  It  pnrahola. 

If  the  origiinil  line  of  projection  is 
not  horisontal,  but  formic  an  angle  with 
the  horizon,  the  theoretical  trajectory 
of  the  object  would  still  be  »  parabolu, 
»nd  the  greatest  range  would  be  at- 
tained when  the  original  course  was 
Kt  an  angle  of  4o*  with  the  borlKon.  In  actual  practice  rcsist- 
wico  of  the  air,  elongated  form  of  projectile,  and  the  rotatory 
motion  upon  its  long  axis  which  is  imparted  by  the  rifling  of 
the  gun,  produce  a  certain  amount  of  variation  from  the  tueo- 
retical  course. 


/' 
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Inineuiry  of  ttfiijNUIiw. 


V  308.  CoUision. — Problems  in  connection  with  collision  ni  in- 
terest to  physicians  are  of  three  kinds.  1st.  "When  a  moving 
body  strikes  another  body  at  rest.  2d.  When  both  hodiea  are 
ttinviiig  in  the  ?tame  direction,  the  rearmo«l  one  having  the 
greater  velocity.  8d.  \Vheii  the  iMidies  are  moving  in  opposite 
Sirections.  In  considering  these  propositions,  wo  may  take 
rnonientuTu  as  the  means  of  comparison,  and  attribute  it  in  the 
first  case  to  the  action  of  gravity. 

Momentum  (295)  is  the  product  of  the  mass  or  weight  of  a 
tKuly,  and  its  velocity.  Apply  these  data  to  the  consideration 
of  plicnontcna  pri.wcnted  hy  the  fall  of  a  man  from  a  scatlbld- 
log,  ««tiinaling  his  weigiit  at  123  pounds. 


TbM>. 

IMmict. 

v,b(iir. 

VonuwitiiBi 

1  MsroDd. 

16  rm 

82  ftel  per  wcond. 

4.0W 

2      .. 

M     •• 

84    «     •>         i. 

R.192 

D       ■' 

1«     *' 

06    "     <'         >■ 

12  288 

1       " 

250    " 

128     "     " 

tR.S84 

The  momentum  acquired  at  the  end  of  each  second  of  fall  is 
fulKcioni,  explanation  of  the  tcrriblo  eousecjucnceB  of  such  acci- 
dents. 
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In  the  second  case,  "where  one  body  overtakes  another,  the 
momentum  of  impact  will  be  the  difference  of  their  respective 
momenta. 

In  the  third  case,  where  they  collide  with  movements  in  oppo- 
site directions,  the  momentum  of  impact  will  be  the  sum  of 
their  respective  momenta.  Hence  the  severe  consequeuceB 
arising  when  two  persons  running  in  opposite  directions  collide, 
or  when  two  railway  trains  meet  in  opposite  courses. 

303.  Impact  and  Transmitiion  of  ImpnlBe. — In  the  arran^meBt 
represented.  Fig.  107,  a  rod  of  steel,  A  A',  is  firmly  fixed  in 
the  jaws  of  the  vice  V.  Against  the  end  of  the  rod  at  A,* 
ball  of  ivory,  B,  rests,  suspended  by  a  thread  from  C.    On  stri-i- 

Fio.  107. 


loipact  anil  tniiiHnilminu  or  iuipiilKt. 


ing  the  extremity  of  the  rod  at  A'  with  the  hammer  D,  the  ir*3- 
pulse  given  by  impact  of  the  hammer  is  transmitted  along  tf'*^ 
rod,  and  the  ball  B  ia  thrown  off  from  \ts  opposite  extremity,^-* 
is  shown  by  the  dotted  line  and  the  position  E. 


Fio.  108. 


Calliatuu  t»ll«. 


For  investigation  of  the  above,  the  apparatus,  Fig.  108,  may 
be  employed.    It  consists  of  a  series  of  balls,  A,  B,  C,  D,  E,  made 
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nf  irory  or  other  olat-tic  TUBturiHl.     These  ar«  auspamled  from  ii 
1,  their  ocQtres  being  in  the  same  straight  line*  and  surfacca 

louohiiig  yach  other. 

Uaisiiig  ihfi  first  hull  into  tlic  jiofjition  A,  niul  allowing  it  to 

fall,  when  it  rcachts  the  position  indicated  hy  the  dotted  nne  at 

A  it  strikes  ti<niinBt  E:    thence  the  impulse  \h  dulivercd  to  C 

and  D.  without  any  appreciahlc  motion  of  either;  I)  finally  d^ 

Jirera  it  to  E.  which  heinp  frv.*e  to  move,  flies  off  to  the  position 

of  ihc  dotted  line  at  K,  the  hall  E  exhihitiiig  almost  as  nuieh 
deviation  froni  the  perpendicular  as  was  given  to  A,  which  de- 
livered the  original  impulRe. 

JjOt  us  conceive  thar.  the  l)allH  in  the  above  experiment  rcnre- 
aent  a  line  of  molecules  in  the  steel  rod.  Fig.  107.     We  then 
perceive  tliat  when  such  a  rod  is 
struck,  the  impulse  proeUiceil  h_y  pio.  ^oo. 

tiie  impact  is  tranHmitted  from 
molecule  to  inolecuU'  along  the 
Tdd  iu  straight  lines,  and  is  de- 
livered at  its  extremity  with  little 
■or  no  movement  of  the  intervcn- 
igmolecuteB  froni  their  ['OHitioiu  / 

A  motion  sucli  an  that  wo  have  / 

iescrihed  is  sornelinifs  iriilled   a  ,' 

tngUudiuuf    impulse  or  vihrntioii  / 

)d5).  In  this,  whatever  movenient  • 

>r  changes  the  )>articles  undergo  / 

ire    in   ihe   ttame   course   af>  the  / 

track   of  the    wave,   and   not  at  / 

right  aiigleii  or  trumtver^^e  to  it  as 

in  waves  on  the  anrfaco  of  water. 
Fluid.1  as  well  OS   solids  have 

the  powerof  transmitting  impulse.      ^0 

In  Fig.  109,  A  is  an  India-nihher 

bag  and   tuhc,  tille<l  with  water, 

^nd  subtpcnded  from  a  bar.    At  U 
spliere  of  cork  or  other  light 

material   touches   the  snrfaeeof  im,HU- An.»,i. -«^. 

the  sack  of  fluid.     Tapping  with 

a  small  mallet  C,  or  with  the  tiuger  on  the  opposite  side  of  the 

hag,  the  impulse  is  tranhinttred  through  the  miid,  and  the  cork 

thrown  off  to  the  position  1). 
L    The  above  is  an   experimental  illustnttion   of  the  principle 
■lipon  which  physicians  depend  in  the  employment  of  the  flue* 

luallou  test  for  detection  of  accumulations  of  fluid  in  cavities 

of  the  body,  or  in  abscesses  which  have  resulted  fVom  iuilam- 

malorv  action. 


.     t^;..,i  f^.:i:i     Kti^o:. — s.     .     ^".     ~.ii^.- 
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108.  The  Pendalam.— The  Ideal,  simple,  or  mntheniatical  pen- 
uiu  ia  a  single  heuvy  point  aoRpeuded  by  n  thread  which  w 
•rithoat  weight.     These  conditiona  it  is  impossible  to  realize  iu 
practice,  hut  they  may  be  approached  v«ry  e!o«j|y. 
Tile  (*oni]>ourMl  or  phyciral  pendulum  Ik  that  in         fio-  HI. 
Rettial  use.    In  it  a  weight  or  bob  is  suBpeuded  by 
a  doltd  rod,  Fi^.  111. 

If  a  Imll  of  lead  or  platinum  be  snspended  by 
H  tine  thread,  wq  have  an  approach  to  a  aiinplo 
pendulum.  If  t!ie  diManc-c  frnin  tlie  point  of  aua- 
pertsion  to  the  emilre  of  the  bob  i«  three  and  a 
half  fcctf  a  pendulum  will  nearly  beat  ^econd^  in 
its  oscillations.  If  while  it  Is  bf^fttinjir.  The  string 
is  suddenly  caught  ))elweeu  the  ttiumb  and  linger, 
About  half  way  between  the  point  of  Huwnension 
■nd  the  boh,  and  held  steadily,  the  oscillations 
become  more  rapid,  since  the  distance  from  tlio 
new  point  of  suspension  to  the  bob  has  been  re- 
duced one-half.  As  the  free  portion  of  string  is 
made  aliorterf  the  oscillations  are  stilt  more  rapid. 
HeleiL-iiij;  the  string,  and  restoring  the  original 
Ivngtii  i)t'  the  pendulum,  the  origitnil  rate  of  osetl- 
Iflti^n  ift  regairif'd. 

Again   thi-owing  the  pendulum    into    motion 
with  the  fidl  length  of  string,  and  watehine  the 
time  required  to  make  an  oscillation,  we  tind  that         Wniiiii»» 
so  long  as  the  anipiiluttf  of  oscillation,  or  length  of 
krc  through  which  it  heats,  docs  not  exceed  tiro  tlegrecB,  tlie 
time  of  oscillation  or  beat  in  always  the  same. 
I  We  have  here  learned  the  two  laws  of  the  heat  of  the  pendu- 
fem,  viz.:    lat.    Within  nn  arc  of  Jicc  degrees  the  time  of  bail  nf  the 
oendxl'im  u  rigoroushf  the  snme;  2d.    The  shorter  (he  pmiUUam,  the 
more  r*'piii>t$  omil/ttioii.     It  is  the3e  fuels  which  enable  us  to  em- 
pliiy  the  pendulum  for  measurement  of  time  by  clocks. 

In  f270)  we  have  seen  thai  the  cause  of  tlie  beat  of  the  pen- 
dulum is  gravity.  In  (2tt!))  wc  learned  that  the  attraction  ot 
gravity  varies  on  ditTerent  parts  of  the  earth's  surface.  It  is, 
tnerefnrc.  evident  that  the  length  of  the  mathematical  seconds 
pendulum  must  differ  at  ditterent  latitudes.  The  extent  of  these 
diBercnces  at  the  level  of  the  sea  is  shown  iu  the  following  table. 


Ft.  Thotnu 

New  York 
Pnrw 


lat.    ft»26'H»»9.0-iOT)ndt««. 
..     iflojs/  ..    atl  1012      ■■ 

"   7(P*>'  "  sn.iwa     " 


307.  The  Metroaome  is  an  instrument  employed  by  musicians 
>r  ibe  purpose  of  beating  time  correctly.     It  is  represented  in 


)|*lruiKifii* 


■COS. 

Fig.  112,  and  (-^itifitAts  v(  a  clock  movement,  wliicli  is  vikIot*:'! 

in  till!  bat-u.  A,  vi  tliti  npiraratus.     The  ]>ci)<luliim  is  tthon  ilikI 
inverted,  the  weight  or  hoI>,  U,  Iwing  on  tie 
Fio.  112.  HPP<if  instead  ol"  the  lower  part  of  the  md. 

Tho  boh  is  froc  to  ttlide  u|>on  the  rod,  and 
thuH  different  lengths  mnv  l>e  given  tft  tlie 
]pendiiluni,  and  tlie  rate  v^  uHvilTation  nrwi 
10  nu'Ct  rei](iirein(;iits  uf  the  time  to  beliotrD 
or  ineaiiiired. 

When  in  action  the  mctronomo  ctnitc  • 
peculiar  oliuk,  which  servco  to  mark  tUeliiT'f- 
It  is  employed  in  tho  meaKiiremenL  uf  ume  i° 
ph_v«i<do>ci<'ul  in(|uirics.  In  rfohition  of  su*^ 
problems  a»  the  rate  of  nerve  curreut.  ^^'^ 
more  nwuiraie  device  of  tli«  seconds  peiidului*' 

with  or  without  the  interruption  of  an  electric  current.  Is  xist;"' 

308.  The  Balance  Wheel. — If  we  conceive  that  the  line  of  b*^** 
pension  of  a  pendulum  iti  so  shortened  that  the  point  of  Rasp*^^^' 
Bion  anil  cenlriMif  oscillation   pass  within  the  pendulimi  lit"*    '^ 
and  finaUy  reach  its  centre,  the  character  of  the  oscillation  l^  ^^ 
eonicH  that  which  wt:  see  in  a  watch  or  chronometer  balau  ^ 
■wheel.  ^  0 

In  a  true  balance  wlieel,  where  the  point  of  suspension  ^^:3l 
accurately  at  tho  centre  of  the  oscillating  mosB,  <jrnviiy  has  t* 
influence  of  irnportuuce.  Ttie  forces  which  produce  the  mov< 
nicntit  are  a  main  spring  which  drives  the  system  of  wheels  of  llr 
apparatun;  and  a  very  fine  spring  called  llie  hair  spring,  whicj 
is  attached  to  the  balance  wheel,  and  acts  upon  it  in  an  opposii< 
manner  tu  that  uf  the  main  spring. 

lioih  the  pendulum  atid  balance  wheel  are  subject  to  van 
atione  in  rate  of  oscillation,  produced  by  variations  in  tempera- 
ture.     For  the  diBcuBsion  of  these,  and  means  of  correcting" 
tliem,  860  (663). 

If  the  point  of  suspension  in  a  balance  wheel  is  exactly  at  il 
centre,  there  is  no  motion  of  the  mass  out  of  the  area  it  occupi< 
when  at  rest.     If,  on   the  contrary,  the  point  of  suspension   or 
centre  of  oscillation  is  on  one  side  of  the  centre,  iho  area  ot*— 
cupicd  by  the  wheel  in  its  oscillations  is  greater  than  it6  own 
area  when  at  rest. 

Applying  these  ideas  tu  oscillations  which  the  molccoles  in 
a  mass  of  matter  are  executing,  we  can  conceive  that  when  ifc 
motccalc  is  oscillating  in  a  manner  similar  to  that  of  a  halanco 
wheel,  with  the  centre  of  msRs  and  centre  of  movement  coinci- 
dent, one  kind  or  form  of  force  is  the  result.  If,  ou  the  con- 
trary, the  centre  of  oscillation  pasties  away  from  the  centre  of 
the  molecule,  conditions  similar  to  tbo«e  in  a  balance  wheel 
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n  eci^ntrically  c.\iijt,  and  the  chunu-'ter  of  the  force  is 
It,  jiiHt  UH  ilie  tiiovcMTieiit  is  diflereiit.  In  tliu  first  case, 
mple,  tlie  {product  ntight  be  electricity;  in  the  aecoiid. 


notation. — If  the  bob  of  a  pbyctical  pciKluhini  be  »  uir- 
fliCL'I,  mounted  on  its  et'iitrc  or  dxijt  of  rotiitifiu,  C,  on 
i)g  it  iitto  action  it  tnove^  Hkt;  an  iirdinur^' 
utii.     If  wbile  ill  full  swin^'-,  aiic]  wlit-n  ihu        fi»,  lis. 
lent  is  most  rapiil — that  is,  when  iho  i-c-ntro  of 
>  is  vertically  under  the  point  <if  support — 
Li  be  suildenly  cliecked  at  the  projection  P, 
object  mo^-ing  in  the  oppoaite  direction,  a 
1  or  the  oscillfttory  motion  of  the  vvlieel  will 
verted  into  movement  of  rotation  upon  its 
pr  axis,  C.    The  uanie  result  arises  if  (quickly 
F  the  finger  in  a  straight  line  wo  strike  the 
ferenco  of  the  wheel.     Oscillatory  and  hIso 
iiiovuiiieiit  iim^',  therefore,  be  converted  into 
imcnt  uf  rotation. 

tiou  may  be  of  three  kinds:    let,  Ccnirir, 

the  ttxia  of  rotation  is  in  tliu  geometric  centre 

mass,  as  in  the  whecU  of  a  watch   or  any 

machine,     lid.  Eccentric,  where  the  axis  of 

rn  is  »til1   within  the  ma.^s,  but   not  at  the 
8d.   Orhilal,  where  the  nxis  of  rotation  is 
r  to  the  mu»t<,  as  in  the  luuveiiients  of  planets 
the  sun. 

tal  movements  differ  [jroatly.  Sonietimes 
jft  circular,  sometimes  eUipticnI.  They  may 
■arabolas  or  hyperbolas.  K.-uu.h. 

Volar  Typical  of  latramolecular  Movements. — The  inove- 
&f  a  planet  with  its  moons  luoutid  a  central  sun,  the  morc- 
of  double  stars  or  suns  around  each  other,  and  the  com- 
Uiat  involves  the  movements  of  their  nttendant  planets, 
interest  the  astronomer  alone;  they  also  demand  atton- 
am  the  physicial,  and  su^rgcst  to  biin  the  idea  that  in 
acture  of  molcoule^  of  diflerent  kinds  of  matter  the  atoms 
ring  these  molecules  nmy  also  execute  many  diliereut 
a. 

I  an  hypothesis  would  explain  how  from  a  single  kind  of 
tary  atom  alt  our  so-called  elements  might  originate,  the 
ices  between  them  beirtg  merely  resultants  of  various 
lODts  which  the  constituent  atoms  of  tbuir  molecules  were 

OR. 

I«ru  theories  of  matter  the  molecules  of  elements  are 
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supposed  to  consist  of  two,  three,  or  more  atoms.  Il  lli«  liv- 
potliesia  that  hydrogen  is  the  original  eltment  be  true,  a  ^lol^ 
culo  of  lithium  would  contain  a  number  of  atoms  seven  timet 
att  gnrni  us  tlial  in  u  niolecuk-  i>l"  lijdruifcn,  a  molecule  of  carbon 
twelve  times  ai^  many,  am)  so  on.  Itt  this  case  the  divereitjof 
movemeuts  that  mi|2:ht  arise  among  the  constituent  atomeuf  a 
inulecule  of  litliiutii  or  of  carbon  may  bt>  readily  conceived  lo 
determine  the  ditCerenccs  between  th^  molecules  of  those  sab- 
etancea. 

Falsing   from  elementary  to  eompnund  molecules  wliich  V^ 
the  case  of  organic  bodies  may  cotilain  as  many  as  tilYy  ut(mi*i 
we  find  that  bodies  which  have  the  same  number  of  atoms  iiii»7 
present  very  difterent  properties,  dejvcndont  on  the  relation 
the  motiont)  of  the  constituent  atoms  to  each  other. 

The  conversion  of  one  kind  of  inotion  inlo  another,  whic 
wc  have  .seen  in  the  study  nf  molar  motions,  would  indicate  ih^ 
convertibility  of  one  kind  of  atomic  motion  into  another.    Th^^ 
consequent  possibility  of  the  cnnvcraion  of  one  kind  of  niolecu 
into  another,  is,  therefore,  evident.    See  (28  and  21>)* 

Xot  only  motion,  but  the  manner  of  o-rnupin?  has  its  efle 
as  may  he  seen  in  the  well-known  kiileidoscopic  appearanc' 
produced  when  several  kinds  of  j;la»8  are  grouped  diti'erently  b 
merely  revolving  the  iiiBirunient  (Htli,  480).  If  we  conceive  tl 
the  image  of  each  piece  of  colored  glass  roprcecnts  an  atom  e: 
dowed  with  a  certain  kind  of  motion,  we  quickly  perceive  how; 
as  the  s^rouping  of  these  are  dianared,  an  alnioiit  innumerabh- 
variety  of  Hiruree  arise.  In  the  case  of  molecules  we  can  im- 
a'jine  a  similar  (Oiange  jirniluccd  as  their  atoms  vury  in  their 
relations  to  each  other.  Thus  all  tlie  shades  of  colors  in  flowers. 
and  the  inKnilo  diver^ilv  of  iiiati>rial»  ]>nx]uced  in  the  inoi 
ganie  and  orffuiiic  worlds,  may  possibly  arise. 

Carryinif  out  tlieso  fUi:t;estions,  iind  those  on  conver«iou 
motion  in  (;J05),  to  their  ultimate  conclusions,  we  hnil  that  the 
physics  of  the  impondcralites  consists  in  the  study  of  motions 
of  molecules,  while  chemistry  dcale  with  the  examination 
movements  of  the  atoms  constituting  molecules,  and  the  manu 
in  which  they  are  grouped. 
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311.  Centrifugal  and  Centripetal  Forces  or  STotlons. — The  term 

centril'uj.'al  jjignilies  llyinir  from  a  centre  of  motion.     No  better 
exam|)le  of  this  force  or  motion  can  be  given  than  that  of  the 
ancient  device  of  the  sling,  whereby  a  stone  or  otlier  object  i«^ 
submitted  to  rapid  orbital  movement,  and  then  suddenly  released!^^ 
At  the  moment  <if  release  the  stone  flies  off  in  a  straight  line, 
driven,  as  we  say,  by  centrifugal  force. 

The  term  cc-ntripetal  signities  moving  upon  or  towards  the 
centre  of  motion.     Wo  have  already  referred  to  the  intlncnco  of 
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centrifugal  force  iu  leaeeniug-  tlio  weipht  of  objecU  at  the  equa- 
torial region  of  the  earth's  Burfacn  (299).  In  that  ease  gravity 
ads  Bfl  a  centripetal  force;  by  it  objects  are  attracted  towards 
the  earth's  centre,  and  were  tbey  free  1o  do  so  would  move  to- 
wards it;  as  it  is.  gravity  is  llie  t'cnlripelal  forc-e  which  biridB 
obje*.-t?  U(»ou  the  earth's  eurtaeu  and  jircvents  the  centrifugal 
force  geiieratwl  by  rolalion  Iroiu  liunioliing  tJieni  into  space. 

For  illuBtration  of  centrifugal  force  and  it8  action  the  ap- 
paratufi  known  as  the  whirling  table  is  emplnyod.  It  confistH 
of  a  platform  A,  Fig,  114,  to  whir-h  rapid  rotation  may  be  given 
by  suitable  niultijilving  nmcbinery  B.  Any  loose  body  laid  on 
the  earfaw  of  the  ptattorni  is  quickly  thrown  ofi'  when  it  is  put 
jin  motion.     So  great  is  this  force,  that  not  unfreqnently  grind- 

P 

stonea  and  fly-wheels  are  torn  to  pieces  when  their  revolution 
ia  very  rapid.  It  is  estiinuter]  that  if  the  rate  of  mtation  of  the 
«arth  were  seventeen  times  what  it  now  is,  gravity  wouhl  be 
overcome,  and  objects  would  be  tosaed  from  its  surface,  prob- 
ablv  to  form  a  dit^taiit  ring  like  that  which  aeconipaniea  8atiirn. 
'the  instrument  known  as  the  gyroscope.  Fig.  115,  otiorw  an 
excellent  illustration  of  the  power  of  rotation  to  overcome 
gravity.  It  conf<i6t8  of  a  ring  Bet  in  rapid  revolution,  while  in 
this  etale  it  may  be  made  to  assame  positions  contrary  to  those 
which  gravity  produces. 
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312.  Application  of  Centrifti^  Force — Among  the  practical 
applieatione  of  cenlrifugid  tl^iee  we  may  mention  the  removal 
of  liquids  from  solids  with  which  they  may  be  itilermingled.  as 
in  the  centrifugal  clntbes-wringer,  in  which  clothing  is  placed  in 
a  drum-like  cage  made  of  wire  which  i;*  sulijected  to  rapid  rota- 
tion. Under  these  condiiions  the  water  is  tlirown  off  trom  the 
periphery  of  the  drum,  and  the  clothes  come  out  almost  dry. 

Tne  centrifugal  milk  tester  is  another  recent  apiilicatiori  of 
this  force,  the  milk  ia  placed  in  a  stoppered  tube  upon  the 
whirling  table,  the  axis  of  the  tube  being  in  the  line  of  a  radius 
ot  the  platform  of  the  table.    Throwing  the  apparaluR  into  rapid 
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rotation,  the  milk  separates  into  the  cream,  curd,  and  aqaeous 
solution  of  which  it  is  composed. 

Dr.  Ariiott  savs,  "Were  a  man  to  lie  down  on  a  qaickly 
turning  horizontal  wheel,  with  his  head  near  the  edge,  be  woaM 
soon  fall  asleep,  or  might  die  of  apoplexy  from  over-preaeure  of 
blood  on  the  brain."  The  suggestion  is  certainly  worthy  of 
examination.  Applied  in  the  manner  he  relates,  it  might  prore 
of  use  in  insomnia.  Still  more  important  results  might  be 
obtained  by  reversing  the  arrangement  and  placing  a  persou 
sutiering  from  congestion  of  the  brain  upon  a  whirling  table 
with  hie  feet  towards  the  circumference,  and  his  head  over  the 
centre  of  rotation.  In  that  position  the  blood  would  be  driven 
from  the  head  to  the  opposite  extremities,  and  relief  attAined. 
In  other  congestions  and  intlammations  the  same  might  be  done, 
taking  care  to  place  the  inflamed  part  over  the  centre  of  rotation. 

The  action  of  centrifugal  force  upon  plants  in  their  growth 
was  made  a  subject  of  experiment  by  a  French  botanist  some 
years  ago.  A  series  of  vessels  in  which  seeds  had  been  planted 
were  attached  to  the  circumference  of  a  large  wheel  to  which 
rapid  rotation  could  be  imparted.  The  results  of  experiment 
showed  that  no  matter  how  rapid  the  rotation,  the  centrifugal 
force  thereby  developed  did  not  appear  to  have  any  inflnence 
upon  the  manner  of  growth  of  the  plant.  The  stem  and  roota 
were  always  in  the  same  straight  Hue.  There  was  no  tendency 
to  grow  parallel  to  each  other  and  outwards  from  the  centre  of 
rotation,  as  he  expected  would  he  the  case. 


SECTION  III. 
MACHINES  AND   INSTRUMENTS. 
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\  ot  maehtnca  to  fbm— Th*  tbre«  order*  of  l«ven — VAtimHUon  t}(  power 
In  the  Action  i>ricv«n — Tlii'  wheel  aDil  nxlc — Tli(  incliin-il  plkit^— The  w«(1g« 
— Srslppl*  nnd  thf  ir  niiina^rnfttil — Tlic  «crfiiv— Tin?  |.uilUty^ Friction. 

H  313.  Kelations  of  Machinet  to  Force.— Tlie  forces  provided  liy 

Butart'  for  the  Acoompli^hnactit  of  innumerable  kinds  of  work 

^ro  ftiu'  )»  nuiut>er,  wind,  a  fall  of  water,  animal  power.     These 

limit  naiurt^'s  provisions  of  energy,  which  b_v  njt;ency  of  macliirieB 

mon  has  ao  adapted  and  controlled  n«  to  norvft  any  purpose  he 

niay  Uenire,  from  the  act  of  liUln^  a  rock  or  ship  to  thu  more 

■elioate  oiierationfl  of  ftellins;  type  and  printiiiji;;  a  hook. 

■   Wonderful   and  various  as  are  the  acta  that  machines*  can 

■chievf*,  it  must  he  clearly  understood  that  in   no  catie  do  they 

originate  or  increase  the  etiertjy  einployed.     They  oidy  niodifi' 

it.    Ab  we  watch  a  machine  punching  hol^H  in  plateaof  iron  au 

ioc^h    in  thickness,  it   looks  as   if  it  developed    power,  hut  it 

(lo€8  not.     It  merely  takes  a  rapid  movement,  reprcseuting  a 

oertain  amouDt  of  energy,  and  eonverta  it  into  a  elower  inove- 

tiient  in  which  the  same  amount  of  energy  i«  f>xponded  through 

narrow  limits,  hut  within  the  bounds  of  those  limilif  it  is  almost 

irresistible. 

The  most  intricate  engines  depend  for  their  action  upon  a  few 
machines  of  very  simple  form,  to  which  the  name  of  the  me- 
chanical powers  was  formerly  given.  They  are  the  lever,  lekeei  mid 
<aUt  inclined  j^me,  wfdpe,  Stretv,  and  p'tHet/.  These  simple 
maebinea  are  all  of  more  or  less  interest  to  the  phyi^iciun,  either 
aa  occurring  in  <llfl'erent  parts  of  the  human  mcehunirtm,  or  in 
couitrucliou  of  the  instruments  he  employs. 

314-  The  Three  Orderi  of  Levers. — The  lever  is  so  called  from 
iho  Latin  leva,  to  lift.  It  consists  of  an  inflexible  bar;  when  in 
UM  three  additional  elementa  are  involved,  viz.:  A,  the  power; 
B.  the  weight;  C,  the  fulcrum.  According  as  these  three  ule- 
lenta  vary  in  relative  position  to  each  other,  a  lever  is  ^aid  to 
o(  the  tirst,  Hccond,  or  third  order 
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la  lovers  of  tbe  first  urd«r,  tbe  lulcrum  U  between  the  v^g^ 
Hiid  power,  or  tho  middle  one  of  the  three;  in  tbe  second  fbni, 
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the  weight  ie  in  tbe  middle;  in  the  third,  tbe  power  is  tii  tb< 
middle. 

All  tlie  joints  of  tbe  bo<ly  which  are  endowed  with  motioi 
belong  to  one  or  another  o\  the  thr«e  orders  of  levers.    Of  tli* 
fin*t  order,  the  movemoht  of  the  skull  on  the  atlae  is  an  example  • 
the  f'aee  being  the  weight,  and  tbe  muscle  in  the  baiek  of  tU* 
neck  the  power.    Of  the  second  order,  the  ankle-joint  is  an  iliu^' 
tration;  when  we  raise  the  body  upon  tbe  toes,  the  weight  isstbe'^ 
in  the  middle,  tbe  ball  of  the  great  toe  being  the  fulcrum,  *™^5 
the  muscles  on  the  back  of  the  leg  the  power.     Of  the  tliin^^ 
order,  llexing  of  the  forearm  on  the  arm  is  an  example:  tbepon-ei 
being  in  the  middle  rcprcisented  by  the  attachment  of  the  bicep» 
mu.scle,  the  baud  the  weight,  und  the  elbow-joJut  tbe  fulcrum. 
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Among  instruments  in  ordinary  use,  the  first  order  of  levenRI 
is  represented  by  the  elevator  used  to  raise  portions  of  bone  in 
fracture  of  tbe  skull,  by  aeiseors,  and  by  bone  or  oh<;tetric&l 
forceps,  which  consist  of  two  levers  working  against  each  other. 
the  joint  being  the  fulcrum.  The  second  irrder  is  represented 
by  the  action  of  an  our  in  rowing,  by  nuterai^kers,  and  wheel- 
barrows. The  third  order^  by  tlre-tciigs,  and  ordinary  pincers 
of  a  surgical  pocket  ea«e. 

A  curious  nouble  lever,  known  as  the  Stanhope  lever  or  toggle 
joint,  is  reprebenled  in  the  human  body  by  the  knee-joint;  it  19 
a  very  powerful  form  of  nmcbine,  iiml  admirably  adapted  to  the 


porpoie  it  serves  in  the  boily,  viz.,  that  of  ruising  it  from  a  squat- 
ting position. 

315.  Situnatioa  of  Power  in  the  Action  of  Levan. — In  tbo  ex- 
:riment  reprosentccl  in  Kip.  12(»,  the  coiiditiona  of  equilibrium 
k^wceo  the  two  sides  of  a  lever  of  tlie  first  order  are  sliuwn.    A 
^     of  one  pound  at  one  extrennJv  of  tlie  lever,  A,  will  ex- 
"■*JtIy  balance  a  weight  of  one  pound,  It,  at  the  aame  distance  on 
^>«  upiKJsitu  bide  of  the  fuluruni,  1).     The  same  weight,  A,  will 
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ice  two  pounds  if  suupundetl  from  C,  wliieh  ia  half  llie  dis- 
^c  between  T)  and  B:  or  it  will  balance  four  pounds  if  sua- 
f K-nded  irom  E,  which  is  ouo-quarter  the  distance  between  D 
aiiid  B.  Ueneralizinj;  frnm  these  facta,  and  applying  the  rulo  to 
itll  forms  of  lever,  we  imy.  that  in  levers  the  poiecr  ta  to  the  rceight 
in  the  wverae  ratio  of  (heir  rcs/tecfive  arms. 

If  <iowuwar<l  force  he  apjdieil  at  A,  the  weight  nt  B,  which  Ih 
ftt  the  same  distance  from  the  fulcrum,  will  be  raised  with  the 
same  velocity  throu^i^h  the  Hatne  distance  a^  that  by  which  A  Js 
Heprcflsed.    Tbc  weight  at  C»  on  the  conti'arv,  will  under  similar 

I  circumstances  be  raised  only  <ine-balf  the  distance,  and  at  one- 
half  the  velocity  with  which  A  descentle.  At  K  tlie  distance 
will  be  only  one-quarter,  and  the  velocity  one-quarter.  From 
which  we  deduce  that  in  the  action  of  lovers,  wliat  has  been 
gained  in  weight  raised  is  lost  in  distaiK^c  and  velocity. 

1316.  The  Wheel  and  Axle  aetin  upon  the  satne  principle  as 
the  lever.  It  ban  been  called  the  perpetual  lever.  In  Fig.  121, 
C  is  the  axle,  and  ]>  the  wheel,  both  attached  to  the  axis  F. 
The  wheel  has  a  radins  four  tiuic.>4  that  of  the  axle  C.  These 
two  nieauuremenlfl  repreaentin<!:  the  relative  lengths  of  the  two 
arniB  of  a  lever,  a  power  of  one  pound,  B,  applied  to  the  cord 
on   I*,  will  raise  a  weight  of  four  ponnds.  A,  attached  to  the 

■  cord  wound  on  the  axle  C.  Yiewitij?  the  respective  nulil  of  tlie 
wheel  and  nxlc,  as  the  two  arms  of  a  ]ever,  tlie  rule  for  the  esti- 
matiou  of  the  action  of  this  machine  is  the  eame  ae  for  levers. 
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The  wheel  and  axle  is  exteDsivelj  used  for  hoisting  heavj 
weights.  In  this  form  an  endless  rope  passes  around  the  wheel. 
The  capstan  used  in  weighing  the  anchor  on  ships  is  the  same 
form  of  machine,  in  which  the  circumference  of  the  wheel  is 
dismissed,  and  only  the  spokes  or  radii  employed.  The  wiiich 
used  in  raising  water  (135),  and  in  many  surgical  appliances, 
is  a  wheel  and  axle  in  which  only  one  spoke  of  the  wheel  is 
retained,  as  at  E,  Fig.  121. 

Fio.  121. 


Whe«l  anil  aile. 

The  so-called  fusee  in  a  watch  is  an  elegant  example  of  the 
application  of  the  wheel  and  axle  to  the  production  of  a  uniform 
force  from  the  variable  force  exerted  by  a  spring  when  unwind- 
ing. The  systems  of  cog-wheels  used  in  cranes  for  unloading 
ships,  and  of  bands  ana  wheels  in  lathes,  are  instances  of  the 
principle  of  the  wheel  and  axle,  and  their  action  is  to  be  deter- 
mined by  the  same  rule  as  that  given  for  the  wheel  and  axle. 

317.  The  Inclined  Plane  is  the  third  method  of  balancing  forces 
of  difterent  intensities.     The  principle  of  its  action  is  as  follows. 
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Suppose  a  weight,  A,  rests  on  an  inclined  plane,  the  vertical 
height  of  which,  D  E,  is  just  one-half  its  length,  C  D.  It  will  be 
exactly  balanced  and  retained  in  position  by  one-half  its  weight 
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ft]«plieil  verticnlly  at  li.     The  action  of  an  incliued  plane  is, 
iiiurefore.  merely  a,  nio<lifiaition  of  the  lever. 
P  Iti  uncicDt  timea  the  inclined  plane  waa  largely  w&ed  in  clc- 
Tftting  (jreat  wei^bta.    It  is  suppoeetl  that  by  this  device  the 

Ej^yi'tians  raised  to  their  preBciil  heiehi  the  imnieiiae  bloi.-ks  of 

ronu  used  in  constructing  the  Pyramids. 
U  is  curious  to  nutu  liowoDun  the  wurk  required  iti  ihcaaccnt 
of  on  inclined  plane  has  been  disrogai'dcd  in  the  construction  of 
country  roads.  The  idea  baa  been  to  build  the  road  in  a  straight 
line  from  one  point  to  another  re^ardlcsa  of  the  hilts  that  in- 
tt-rvyne.  Roads  liave  been  thus  carried  over  hills  when  ihey 
mijiht  as  readily  have  been  carried  around  their  bases  vviih 
little  increase  in  distance,  and  complete  avoidance  of  the  labor 
rcQuircd  to  surmount  the  elevations. 

In  the  buniBii  body  the  principle  of  inclined  planes  is  involved 
in  the  construction  of  the  pelvis,  for  the  purpose  of  producing 
changes  in  position  of  the  head  of  the  ftetus  during  delivery. 
The  study  of  the  action  of  these  pbinos  in  the  mechanism  of 
isbor,  demands  close  attention  on  the  part  of  obstetricians. 

^  31S.  The  Wedge  may  bo  described  as  an  inclined  plane  forced 
in  between  substances  or  rf^istancus,  for  separating  or  overcom- 
ing thetn.  Estimation  of  their  action  is  dimcult,  since  tlie  force 
employed  is  not  one  of  preswure  but  of  percussion.  This  power 
of  transforming  force  is  iniirvullons;  even  a  ship  may  be  raiaed 
">y  proper  application  of  wed|rcs. 

'  Numerous  examples  o{  the  wed^o  are  seen  tn  domestic  as 
rell  as  surgical  appliances.  All  ciittinc;  implements  are  wedges, 
he  angle  of  the  edge  varying  according  to  their  application. 
^or  Working  iron  in  a  lathe  a  very  obtuse  angle  is  required  in 
"le  cutting  edge.  In  the  blade  of  a  pocket-knife,  scalpel,  or  bis- 
)ary,  on  the  contrary,  the  angle  of  the  cutting  edge  is  very  acute. 

319.  Scalpels  aad  th«ir  Management — If  the  edge  of  ihe  keenest 
'ecatpcl  or  razor  be  cxantined    under  a  microscope,  it  will  be 
•een  to  be  jagged  or  saw-iikc.     i^iieh  blades  may  be  pressed  with 

(unsidcrable  tirmnesa  against  the  skin  without  pruducing  a 
round,  but  the  moment  they  are  drawn  like  a  saw  over  the 
nrfece,  though  the  pressure  be  very  slight,  they  immediately 
titer  the  flesh. 
All  surgical  knives  beine  made  of  steel,  the  greatest  core 
should  be  taken  to  shield  tiiem  from  rust.  So  long  as  a  steel 
surface  is  protected  from  moisture,  oxygen  has  no  action  upon 
it,  but  if  it  be  coated  witli  ever  so  thin  a  film,  it  is  quickly  (»xi- 
dizcd  or  rusted.  To  avoid  this,  stuel  implements  should  iin^t 
be  carefully  cleansed,  then  thoroughly  dned,  ami  rubbed  with 
itber  before  being  placed  in  the  case  where  they  belong. 

IK 
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Since  a,  knife,  Bcalpel,  or  other  inetrument  has  received  in 
its  construction  the  proper  angle  I'or  the  work  it  is  intended  to 
do,  care  should  be  taken  in  sharpening  to  preserve  that  angle. 
If  it  is  necessary  to  grind  it  down  to  restore  the  edge,  it  should 
be  done  on  a  true  grindstone,  the  blade  being  applied  and  kept 
at  the  proper  angle,  and  the  action  of  the  atone  being  from  the 
back  towards  the  edge.  A  thin  or  wire  edge  is  thus  obtained 
which  is  flexible,  and  may  be  turned  by  pressure  towards  one  or 
the  other  side  of  the  blade. 

The  next  step  is  to  remove  the  wire  edge  upon  a  hone  or  oil- 
stone; the  surface  of  this  should  be  as  Dat  as  possible.  If  it 
has  been  in  use  for  some  time  and  become  hollow  or  concave, 
flatness  should  be  restored  by  grinding  it  against  the  surface 
of  a  grindstone.  The  blade  should  be  kept  prone  upon  the  hone 
throughout  its  application  thereto.  The  movement  should  be 
from  heel  to  point  of  blade  with  edge  forward. 

To  give  all  the  microscopic  teeth  which  form  the  edge  of  u 
cutting  blade  a  set  in  the  same  direction,  the  sharpening  Bhoold 
be  finished  upon  a  strap  of  leather,  which  must  also  be  flat; 
sometimes  tightly  stretched  coarse  canvas  imbued  with  soap  is 
used.  In  this  operation  the  movement  is  reversed,  the  blade 
being  carried  from  heel  to  point  with  the  back  forward.  The 
surfaces  should  be  kept  flat  on  each  other  as  in  the  preceding 
case,  and  applied  alternately  with  very  moderate  pressure. 

320.  The  Screw. — Form  an  inclined  plane  such  as  that  de- 
scribed in  (317),  by  cutting  it  out  of  paper,  making  the  iuclioed 

Fia.  123. 


Screw. 


edge  C  ])  very  long  compared  with  the  vertical  edge  C  E. 
Applying  the  latter'to  a  cylinder,  A  B,  so  that  it  is  parallel 
to  the  axis  of  the  same,  and  winding  the  narrow  inclined  plane 
on  the  cylinder,  its  edge  will  be  found  to  have  formed  a  screw 
upon  the  surface  of  the  cylinder.  We  may,  therefore,  regard 
a  screw  aa  being  virtually  an  inclined  plane,  and  estimate  its 
action  in  the  same  manner. 

To  the  portion  of  the  apparatus  described  the  name  of  male 
element  is  given.  The  socket  in  which  it  works  is  called  the 
female  element  or  nut. 


In  the  prnetical  npniicntion  of  the  screw,  the  handle  by  which 
1      it  18  ilrivfii  liL'ta  as  a  lever :  wo,  theretbre,  have  usually  a  combi- 

J nation  both  of  the  ^crew  and  lever  principles.  The  endless 
Bcrcw*  IB  the  n«mc  given  to  a  comhiniition  of  a  screw  and  a  cog- 
wheel, by  which  one  tooth  of  the  co«-whcpl  is  advanced  for  each 
revolution  of  the  screw.  In  lithotnles,  it  \»  mlapled  to  crii(<li> 
ing  the  stone  or  calciihiw  ^rns[ied  between  the  jaws  of  tiie  iu»tru> 
tnent.  In  the  pp!itit!»  employed  in  treatment  of  oertiiin  kinds  oi 
frMctpre  it  is  nlao  used  to  produce  the  extension  required. 
In  microscope  work,  very  delicate  screws  are  employed  for 
measuring  minute  distances.  Such  arc  eallc<l  micrometre  screws. 
The  head  usually  preactila  a  graduation,  by  which  Hinnll  fractions 

I  of  a  revolutiort  maybe  measured.  Suppose  the  threads  arej-hjtb 
of  an  inch  apart,  and  the  head  presents  100  divisions,  a  move- 
ment of  one  division  on  the  head  is  equivalent  to  a  movement 


of 


r».i 


■  th  of  an  inch  in  the  direction  of  the  axis  of  the  screw. 


The  diniculty  with  such  micrometres  is  trregularitviu  the  thread, 

in  which  it  presents  an  irregular  instead  of  a  regular  inclination, 
To  this  the  term  drunkenness  is  applied.  In  accurate  work  error 
in  this  respect  must  be  carefully  studied  to 
find  the  proper  correction.  la  some  cases 
Idrankonnoss  is  corrected  in  the  divisions  of 
screw  head,  these  being  nmde  shorter  or 
hgcr  us  the  case  rccpiires. 


Fio,  124. 


321.  The  Paliay  is  another  device  by  which  '' 
UHMS  of  ditfercut  weights  may  be  made  to 
[iMiliince  each  other  by  giving  them  varying 
'velocities.  In  this  case  the  pulley  is  movable, 
carrying  the  weight,  with  one  end  of  the  cord 
tirtniy  hxed.  Whvrt;  the  pulley  is  stationary, 
it  lueruly  serves  to  chaiigu  the  direction  of  a 
force,  and  doea  not  interfere  with  its  inten- 
lity. 

I     In  the  figure,  it  is  evident  that  one-half  of  the  punir. 

weiglit  I>  18  supported  by  the  portion  of  the 
«>rcT  at  A  C.  and  the  other  half  by  the  part  at  RE.     If  D  ^veirfha 
)00  pounds,  it  may  bo  raised  hy  a  force  of  fit^y  poumU  appficd 
•t  E;  but  the  force  at  E  will  have  to  draw  in  two  feet  or  rope 
for  every  fool  of  height  that  D  is  raised. 
Bv  increasing  the  number  of  wheels  or  sheaves  in  the  pulley 
K  Itlotdc,  we  udd  to  the  number  of  folds  of  rope  by  which  the 
H  weight  is  sustained,  and  thereby  multiply  intensity  of  the  action. 
If,  tor  example,  we  have  four  supporting  cords,  n  force  of  one 
pound  will  balance  or  move  a  weight  of  four  pounds  attached 
ito  the  movable  block.    In  these  comoinations  the  lixed  block  has 
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no  influence  except  to  change  direction  of  the  motion  as 
acribtid  above. 

Combinations  of  niilleyB  are  used  occasionally  in  the  rwJaclion 
of  dislocations  of  tne  hip-joint.    A  knowledge  of  their  Mtwu 
IS,  thereforu,  of  use  to  i^urgeons.     In  the  budj  no  exauipleon 
combination  of  pulleys  exist.     Examples  of  the  use  of  thefixfdl 
pulley  for  changing  the  direction  of  a  force  are  ottered  bvtli«| 
patella,  which   aignitiea  a  pulley  ;   and   also   by  the  icndiriDuij 
pulley  or  loop  at  the  inner  »ide  of  the  orbit,  by  which  the  <lir<!0- 
tioii  of  the  controctioti  of  the  euporior  oblique  muscle  is  changt"! 
and  brought  to  bear  upon  the  eyeball. 

322.  Friction. — Wherever  there  ib  motion  of  one  BubeUm: 
upon  niiollier  there  is  fnction.  All  fi\m\a  and  gases  id 
movements  develop  fnction ;  eepeciallj'  is  thin  true  of  Holi<li 
Ah  we  have  seen  (277),  (ho  force  of  adhesion  which  esii" 
between  dtftbrent  masses  of  matter  affords  a  certain  degret  i 
resistance  lo  any  movement  of  feueli  masses  upon  each  otlier. 
Here,  therefore,  we  find  one  cause  of  friction.  Another,  i>er- 
hups  more  potent,  iei  roughnet>$  of  tlie  surfaces  whiuli  come  in 
contact  wilt]  each  olher.  Even  the  most  highly  polished  sur- 
faces are  not  nialhematically  true,  but  present  projections  and 
deprei<8ionH  oi'  greater  or  less  mag^nitnde ;  these  htting  into  eacli 
other  like  the  pnyections  of  cog-wheels,  cause  an  equivalent 
devL'lopmeut  of  friction. 

Friction  may  be  of  two  kinds:  Ist.  Sluling  frwtwn ;  and  iW. 
rollmg  friction.  In  the  latter  case  the  resistance  to  movement  is 
practically  much  less  than  in  the  former.  Whcrevort  therefore, 
the  sliding  can  be  converted  inro  the  rolling  variety,  it  is  done. 
The  ai>pan»tu8  known  as  friction  rollers  oners  the  best  exaraph 
of  the  application  of  tliis  principle. 

The  friction  developed  in  the  sliding  of  one  surface  on  another 
depends  to  a  certain  extent  on  theintrmsic  nature  of  the  material 
fomiing  the  surface.  For  the  cxnminalion  of  this  problem  an 
inclined  plane,  t'lie  angle  of  which  may  bo  varied,  has  becu 
employed,  and  the  angle  of  inclination  at  which  movement  com- 
menced nieiwured  for  dtftcrent  maToriala. 

Id  Fig.  125  the  results  of  these  experiments  are  presented. 
The  various  unguents  reduce  friction  to  the  loweat  point ;  next 
follows  friction  of  metal  on  metal;  then  of  wood  on  wood; 
and  lastly,  of  bricks  and  stones.  Since  the  projections  an<l  de- 
pressions in  two  pieces  of  the  same  variety  of  material  are  more 
a]>t  naturally  to  tit  inio  each  other,  it  is  evident  that  substances 
of  dilfercnt  kinds  are  less  ai)t  to  d^^volop  fnction  than  two  l>odiefi 
of  the  same  nature,  hence  the  use  of  iron  as  the  axle  or  shaft,  and 
of  bronze  in  place  of  iron  as  the  journal  for  the  wheels  or  pro- 
pellers of  steamships.    Another  application  of  the  same  principle 


uofFored  by  the  sTeel  pivots  and  jewelled  bearings  or  Journals 

in  B  wuluh. 
j     Three  general  principles  govern  the  amount  of  friction  de- 

reloped  between  Iwo  \nuu(i  surfaces,  one  being  fixed  und  the 

other  eliding. 

1  Ht.  Friftion  is  exardy  jn-oportionai  to  Ih  pressure  beftceoi  surfaces. 

2d.  Extent  of  surface  does  nol  wjiuence  tifnoartt  nf  friction, 

8d.  Fric^on  u  independent  of  the  rehlict  vdocity  of  th  slt'diny 

tttrjace, 

Flo.  125. 


S.l> 


Hf"^ 


„«*' 


rttMon 


m  the  useof  Inbricatin;?  niatcrijiia  for  reduciuE;  friotioii,  differ- 
ent lubricntont  are  to  be  cniployod  for  dissimilar  rtubstftnoea: 
oils  for  luutala;  eoap,  grease,  black-lead,  for  woods.  An  oil 
which  reduces  fnetton  in  metals,  increases  it  when  used  for 
iroode. 

In  the  structure  and  uperaiion  of  the  joints  of  animals,  great 
perfection  is  shown  in  ibc  nieims  adopted  for  rcdnctiun  or  avoid- 
ance of  friction.  The  bones  are  covered  hy  elastic  cartilage, 
which  ia  coated  bv  a  mcniliranc  presenting  a  wonderfully 
smooth  surface ;  this,  in  its  turn,  is  lubricated  by  ft  6uid  called 
synovia,  more  lubricating  than  uti}'  oil,  and  reiiewe([  as  fast  as 
required.  No  human  invention  approaches  in  its  perfection  tliat 
attained  in  tlie  construction  of  joints  in  unimale;  even  rolling 
is  generally  substituted  for  the  sliding  form  of  friction,  and 
■even*  device  which  can  reduce  expenditure  of  muscular  fore©  to 
10  lowest  point  is  adopted. 


SECTION   lY. 
TRANSLATORY  MOLECULAR  MOTION. 

CHAPTER    VII. 

MOLECULES  OF  TWO  MEDIA,  ONE  SET  MOVING. 

Varieties  of  molecular  motioD — Divisions  of  translatory  molecular  motion— Phe- 
nomena of  capillarity — CircuiDEtancesinfiuencing  capillarity — Surftce  tension 
of  liquid)) — Causes  of  capillarity — Laws  of  capillarity — Inclined  surfaces  and 
capillarity — Capillarity  and  flot.ting  bodies — Imbibition  and  absorption— Fil- 
tration—Draper's  steam  exhaust  for  filtration— Special  filtration — Absorption 
of  gates  by  solids — Disinfection  by  charcoal  explained — Occlusion — Trans- 
piration of  liquids  and  gases. 

To  the  contents  of  this  Section  the  attention  of  students  is 
especially  directed,  since  the  principles  descrihed  are  involved: 
1st.  In  the  absorption  of  chyme,  chyle,  and  other  fluids;  2d.  In 
the  circulation  of  blood,  lymph,  etc.;  and,  3d.  In  the  function 
of  respiration,  including  introduction  and  conveyance  of  oxygen 
to  the  tissues,  and  removal  of  carbonic  acid. 

323.  Varieties  of  Molecnlar  Motion. — Molecular  motion  is  of 
two  kinds:  Ist.  That  taking  -place  between  molecules  of  (wo  or 
more  media;  2d.  That  existing  in  molecules  of  each  individual 
medium. 

In  the  first  case,  the  movement  may  be  compared  to  that  of 
direct  molar  motion,  the  molecules  undergoing  a  change  of  their 
position  in  relation  to  surrounding  molecules.  This  division 
includes  the  examination  of  capillarity,  diiFusion,  osmosis,  etc. 
In  the  second  case,  the  molecules  are  subject  to  osciHatory, 
vibratory,  or  even  rotatory  motions,  and  do  not  materially 
change  their  loetition,  or  if  slisjht  change  do^  occur,  return 
instantly  to  their  original  position.  This  division  deals  with 
vibrations  which  produce  sound,  light,  heat,  and  other  so-called 
imponderable  forces. 
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In  accordance  with  tho  plan  followed  with  molar  motions,  wo 
•^liull  tint  tuku  up  the  exaiiiiimtioti  of  direct  ur  traimlHtory 
tnolertilar  nintion.difircgarditig  for  the  present  tlie  fact  that  the 
inoleculfjtt  of  each  medium  cnrerincc  into  the  action  have,  at  the 
Bftme  time,  the  vibratory  or  other  individual  movements  which 

!long  to  the  oondition  of  the  medium  they  tbrm. 

324.  Dirisioiu  of  Tranilatory  Molecular  Motion. — Thir<  form  of 
ninlcoulnr  motion  nmy  lie  studied  under  three  confJjtionB.    First, 

^bb'herc  it  occurs  between  nii>tecule«  of  two  media,  the  moteculos 
^pf  one  movinji;,  while  thofte  of  the  other  are  Atatinnnry,  ae, 
^■or  example,  cupilUrUy,  imbibition^  otxtusion.  Second,  where  it 
^■pccun*  between  muleculei<  of  two  media,  the  molecules  of  both 
^^eintf  in  movement,  as  in  di^'usion.  Third,  where  molecules  of 
many  media  arc  under  considoration,  all  or  a  portion  being  in 
^movement,  as  in  osmosis. 

325.  Fh«nomBua  of  Capillarity. — We  have  Rtadied  tho  attrac- 
tion bttwciMi  moleouU^  of  diftercnt  kinds  a&  adhcfiion  (:i81,l?ft4). 
When  ituch  altractioii  leads  to  movement,  the  uheuoiEienii  of 
capillarity  or  luovumeiit  in  capillary  {cnfuUuSy  u  hair)  tulies  ariBe. 
As  with  adhe«iou.  capillary  phenomena  are  entirely  indepen- 
dent of  prtwBiire  of  the  air,  and  appear  equally  well  in  a  vacuum. 

The  phenomena  in  question  may  he  illustrated  by  dipping  a 


b 


Pio.  120. 
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Gk|4llHT  vMMIan. 
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Capuury  dappf^om 


Ck(Ul«l7  *ftl>li. 


jHass  tub«,  A,  ^  of  an  inch  bore,  and  open  at  both  ends,  into 
water,  W,  colored  by  any  soluble  pigment;  ink  will  answer. 
The  fluid  will  be  »een  to  rise  in  the  tube  at  once,  as  in  Fig.  126. 
Therf  i»  fapitlar^  tlecation.  The  e.^ptTimcnt  succeeds  alwi  with 
certain  other  Uiiid'*;  for  exaniiilc,  alcnlud.  To  secure  the  greatest 
amount  of  rise  in  a  given  tube,  the  interior  should  be  chenii- 
calW  dean,  and  moistened  with  the  Huid  upon  which  the  ex- 
penroent  is  to  be  made. 
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Extending  the  experinient  to  other  fluids,  we  find  tbnt  wliil< 
many  conform  to  tlio  ohservntioii  rolatoii,  others  do  iim.  Of 
these,  mercary  is  a  nntjible  example;  instead  of  being  nUoI 
by  the  tube,  it  is  dupresseil,  Fig.  127. 

The  opacity  of  mercury  presenting  a  diffieiilty  in  thewaycpf 
seeing  the  result,  we  may  remedy  this  by  using  the  apparatus 
represented  in  Fig.  128.    A  tube,  A,  about  un  inch  in  dianii'(i.'T, 
terminaiee  below  in  a  narrow  tube  which  is  bent  parallel  tnA. 
Pouring  inerj-'urv  into  the  large  tube,  it  flows  freely  into  lb* 
small  one,  hut  tlic  level  in  the  latter  does  not  Hrc  bb  higbn 
in  the  former:  Mrr*"  is  ca pillar i^  depression.    Pouring  wat*;riiiw 
tlie  apparatus  B,  the  level  in  the  email  tube  rises  above  thai  in 
the  large  one:  (here  is  capillary  ckmUon,  as  when  the  Btnigtit 
tube  watj  dipped  Into  ink.     The  advautage  of  this  form  of  ex- 
periment i6  that  it  enables  one  to  project  the  result  by  a  lantern* 
and  exhibit  it  to  a  large  class. 

Another  phenomenon  which  appears  in  uonneclioa  with  caj'il" 
larity  is,  that  under  the  conditions  which  produce  an  elevation 
of  liquid  ill  the  tube,  the  upper  surface  of  the  liquid  is  concave, 
its  exterior  limits  rit^iiig  higher  in  the  tube  than  the  mtenor 
portions.  On  the  exterior  ot  the  tube  also.  Fig.  12(1,  n  ftimilur 
elevation  of  the  fluid  is  seen.  Where  duprefsion  takes  place, 
the  ojiposite  reeiilt  is  produced,  the  surface  of  fluid  in  the 
tube  18  convex  instead  of  concave,  and  in  place  of  its  lisiog 
on  the  exterior  of  the  tube,  it  is  depressed.  To  tho  cun-ed 
Burtiicea  in  thu  tube,  the  names  concave  and  convex  nieDiecoa 
are  given. 

>^(;eing  that  certain  fluids  arc  ruisod  in  capillary  lubee,  the 
question  presents  itself,  Wiiat  will  happen  in  case  the  tube  is 
broken  on  short  of  the  point  to  which  it  can  raise  the  liquid? 
Under  such  cireumRtance.<i  will  it  overflow?  Kxperiment  deter- 
mines that  it  iiibri.'ly  rises  to  the  plane  of  rracture,aud  there  is 
no  tendency  to  the  cstalilislimeiit  of  an  overflow,  uor  of  a  cur- 
rent in  the  tube  (345). 

326.  CircumEtanoes  Influencing  Capillarity. — When  u  tube  is 
moistened  with  liqind,  the  amount  nf  elevation  depends  entirely 
upon  the  character  of  the  fluid;  the  nature  of  the  tube  does 
not  ill  itself  have  any  iulliiencL'.  The  amount  of  difference  ap- 
pearing for  various  liquids  ia  shown  by  tho  following  list,  ui 
which  tho  diameter  of  the  boro  is  one  niilliniotre  (J-  inch),  and 
temperature  18°  C.    Of  all  substances  water  rises  the  highest. 

• 

WaWr  r»« 29-79  millimetiwi. 

>'iiricncid 22.57  " 

Alcohol        ; J2.18  " 

E«MDce  gf  liLvond«f 4.28  " 


In  capillary*  (le|>re!M>ioii.  binci-  tlie  i]ui<l  «l<»c>^  not  wet  the  lube^ 
tiie  amcmm  of  tiic>ve»nent  it;  iuflueuccd  both  bj,"  tUe  nature  of  the 
tuW  And  of  the  tiquul. 

Toini'oruturc  utt'ccts  both  capillary  iJoprcBsion  and  elevation. 

The  movement  diminishes  with  increaseof  tenipernturo.    Water, 

iii>r  example,  which  was  raised  182  mm.  in  a  tuby  iit  0°  C,  was 

JTaisod  oii)_v  106  mm.  iti  the  Mime  tube  at  a  tenipt-rature  of  100^  C 

The  <-oiidition  of  the  interior  of  a  capillary  tuh«  is  an  eRsential 
THL'tor  in  it$  action.  If,  tur  example^  it  has  been  smeared  with 
crfl,  it  will  permit  it  to  rise,  liut  will  depress  water.  If  it  has 
been  moistened  with  water,  that  fluid  will  rise,  and  oil  will  be 
depressed.  Accordinp  aa  the  elmraeter  of  the  interior  super- 
ficies of  a  cnpillary  tube  varies,  90  does  it  potisess  what  might  be 
called  a  selecting  power,  permilling  one  liquid  to  enter  or 
trarci'se  it,  and  denying  passage  to  another. 

337.  Surface  Tension  of  Liquids. — All  li(iuidH  act  as  though  iheir 
'•uperlicial  layer  was  eulijected  to  tension  which  exerts  a  con- 
Inictile  force  or  presaiire  upon  their  interior  nmus.  This  is  ex- 
plained by  the  fact  that  the  auperficiul  nioleculeB  are  held 
together  by  a  greater  cohesive  force  than  tlioae  in  the  iuterior. 
Tliongh  this  idea  in  regarded  as  a  convenient  fiction  by  some, 
other8  accept  it  as  having  ao  actual  existence.  Regarding  it, 
Osnnt  8UV8 : 

"Consider  any  particle  at  the  surface  of  a  liquid;  it  will  Iw 
nttnieted  in  all  <iirccliun«  except  in  thut  abovethe  surliace.  The 
aitructtons  acting  laterally  will  compen^tto  each  other,  and  as 
there  are  no  attractions  above  the  surface  to  counteract  those 
acting  from  the  interior,  the  latter  will  exercise  a  considerable 
pull  towards  the  interior.  The  cfleet  of  this  ia  to  lessen  the 
mobility  of  particles  on  the  surface,  while  those  in  the  interior 
are  quite  mobile;  the  tturfaeu,  as  it  were,  is  t«trctched  by  un 
clastic  skin.  This  sttrfare  inision,  as  it  may  he  called,  U  greater, 
the  greater  tlie  cohesion  of  the  liquid  ;  it  is  well  illustrated  by 
hlowiog  a  soap-bubble  on  a  glass  tube;  bo  long  as  the  other  end 
of  the  tube  is  closed  the  bubble  remains,  the  clastic  force  of  the 
emdoscd  air  counterbiilitiicing  the  tension  of  the  surface;  but 
when  the  tnhc  is  opened,  the  inttcr  being  unchecked,  the  bubble 
gradually  couti-acts  and  tinally  disappears.*' 

"insects  can  often  move  on  water  without  sinking.  This  phe- 
nomenon is  caused  hy  the  fact  that,  as  their  feet  are  not  wet  by 
the  water,  a  depression  is  produced,  and  the  elastic  reaction  of 
the  surface  layer  yunpfirts  them  in  spite  of  their  weight.  Simi- 
larly a  sewing  neeole  gently  placed  on  water  does  not  sink, 
because  its  surface,  being  covered  with  an  oily  layer,  does  not 
become  wet;  hot  if  washed  in  alcohol  or  potash  it  at  once  sinks 
to  the  bottom." 
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328.  Caasei  of  Capillarity. — Since  capillary  phenomena  occor 
in  an  air-pump  vacuum  ae  well  as  in  air,  they  caoDOt  ame 
from  action  of  the  atmosphere.  They  originate  in  the  rela- 
tions of  molecules  of  the  liquid  for  each  other  and  for  the 
molecules  of  the  tube  in  which  they  are  placed.  These  actions, 
moreover,  are  confined  to  the  superficial  layer  of  tiie  liquid 
and  tube  (326).  The  thickiieBS  of  material  fooming  the  tube 
has  no  influence  whatever  on  its  action.  It  may,  therefore.be 
said  that  capillarity  is  the  resultant  of  the  action  of  coheBion 
and  adhesion;  as  one  or  the  other  is  in  the  ascendant,  ao  do 
phenomena  vary.  "When  adhesion  of  the  fluid  molecules  for 
those  of  the  tube  is  greater  than  their  cohesion  for  each  other, 
the  liquid  is  raised  and  its  surface  is  concave;  when,  on  the 
contrary,  cohesion  of  the  fluid  molecules  for  each  other  is  greater 
than  their  adhesive  attraction  for  the  tube,  the  fluid  is  depreaaed 
and  its  surface  is  convex. 

Accordingto  modern  theory  asstated  by  Deschanel, the  follow- 
ing are  among  the  causes  producing  capillarity : 

Ist.  Surface  tension  of  liquids,  as  described  in  the  preceding 
article. 

2d.  For  a  given  liquid  in  contact  with  a  chemically  clean 
solid,  there  is  a  definite  angle  of  contact  which  is  independent 
of  the  directions  of  the  auriaces  with  regard  to  the  vertical. 

3d.  This  angle  of  contact  determines  the  convexity  or  con- 
cavity of  the  free  surface  of  the  liquid. 

4th.  In  capillary  depressions  and  elevations  the  superficial 
film  at  the  free  surface  is  to  be  regarded  as  pressing  the  liquid 
inwards  or  pulling  it  outwards,  according  as  this  surface  is  con- 
vex or  concave. 

5th.  Hence  arise  variations  in  the  interior  pressures  of  the 
liquid,  a  convex  surface  iucreasing,  a  concave  surface  diminishing 
them. 

6th.  The  extent  of  rise  or  fall  of  liquid  in  a  tube,  is  the 
balance  between  the  tensions  of  the  surfaces  of  liquids  within 
and  without  the  tube. 

In  his  "Chemistry  of  Plants,"  Prof.  J.  "W.  Draper  gives 
reasons  for  the  opinion  that  the  phenomena  of  capillarity,  as 
well  as  of  adhesion,  are  manifestations  of  electrical  attractions 
and  repulsions,  since  where  they  occur  there  is  disturbance  of 
the  electrical  conditions  of  the  media  entering  into  the  action. 

329.  Laws  of  Capillarity. — If  a  number  of  tubes  are  employed, 
diameters  of  the  channels  of  which  are  different,  it  is  found  that 
as  the  diameter  of  bore  diminishes,  its  power  to  elevate  fluid 
increases.  Submitting  these  differences  to  as  close  a  scrutiny  as 
possible,  Gay-Lusaac  evolved  the  following  laws; 


1«t.  Cflpillary  elevations  and  depressions  are  invorsely  as  the 
iliaiiielurb  of  the  tubes;  all  other  conditione  being  thu  buniu.  A 
tiibi"  tiHlf  the  dinmeterof  a  given  tuhe^will  raise  the  same  liquid 
to  twice  tlie  height. 

If  two  flat  /zlasB  plato8  are  plac^ed  close  together,  and  dipi>6fl 
iuto  water,  or  other  lluid,  the  fluid  riacfl  between  the  plates,  uut 
Dot  to  OS  great  u  height  an  in  a  tube. 

2d.  TTiidor  Miinilnr  conditions,  cnpillary  elevations  and  do- 
ftro^fiions,  which  occur  between  parallel  plates,  are  to  each  other 
inversely  as  the  distaucea  between  the  plates.  Under  these  eir- 
cam^tances  the  exteut  of  movement  is  one-half  that  in  a  tube  of 
tbo  same  diameter  as  the  distance  between  the  plates. 

In  the  annidar  space  produced  when  a  solid  cylinder  is  pluced 
within  a  wide  tube  which  nearly  filJ*  it,  the  "height  to  which 
liquid  rises  is  one-half  that  it  uficende  in  a  capillary  tube  of 
^^the  same  diameter  as  the  width  of  the  annular  space. 
^k  9d.  In  a  tub«  tJie  bore  of  which  is  irregular,  the  diameter  of 
^ftfae  portion  in  which  the  meniacus  forms  determines  the  amount 
^HjPelevAtion  or  depression. 

B  330.  Inclined  Sorfaoes  and  CapiUarity. — Bv  means  of  inclined 
plates  we  may  obtain  a  very  interesting  undi  instructive  illuetra- 
i^tion  of  many  points  connected  with  the  laws  of  capillarity. 

Flu.  IS9. 


=^ 


ChtdUartljr  lotMwii  IimIIiw>I  pr«lM. 

In  Fig.  129,  let  A  B  represent  two  gls-ss  plates,  the  (surfaces 

of  which  arc  perfectly  flat  and  chemically  clean,  and  B  D  a  vessel 

coutainintf  water  the  level  of  wltich  is  in  the  plane  B  1).     Ilold- 

ing  the  plates  of  glass  so  that  they  touch  along  their  edges.  A, 

Fftnd  are  sepuruled  to  the  extent  of  n  tenth  of  an  inch  along  C, 

'and  dipping  lliem  into  water,  the  fluid  rises  between  them.     As 

ihe  distance  between  the  surfaces  of  the  plates  is  less  and  less, 

the  fluid  rises  higher  and    higher,   finally  arrimging  itself  to 

'l)ro<luce  a  cuire,  C  E.    This  resnlt  is  a  self-made  graphic  repre- 

eentatirtn  of  the  law — ihal  as  the  distances  between  tico  plaits  diminish, 

ihe  height  to  which  liqidd  is  raised  increases. 


SS4 
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331.  CapiUarity  and  Floating  Bo(lieB.^Thti  mutual  attractiou 
and  repulsions  shown  by  sniull  bodiea  floating  freely  on  wwer, 
are  governed  by  the  followins;  laws: 

l8t.  If  both  floating!  pHriiclcH  arc  moistened  by  the  liqaid, 
and  sufficiently  clo«e  to  each  other  to  destroy  the  nainrut  leitJ 
of  the  water,  attraction  rusults.  The  tjxperinient  may  be  minJc 
with  balls  of  cork  upon  water. 

2d.  If  neither  of  the  floating  particlee  ie  moistened  by  th* 
liquid,  the  same  result  happens  when  Ibey  are  sufficiently  amr 
to  each  other.    For  example,  pellets  of  wax. 

8d,  If  one  parttele  dampentt  and  the  other  doe«  not,  ihev 
repel  one  another  wlion  placed  in  close  proximity.  Example, 
cork  and  wax  on  water. 

It  is  curioue  to  note  that  these  three  laws  are  the  reversed 
counterpart  of  I)q  Faye's  laws  of  electrical  attractions  auil  re- 
pulsions (770).  '  Ij 

As  in  tne  case  of  other  caiiillary  phenomena,  the  above  mov^ 
ments  are  now  explained  by  the  theory  of  Rurfiice  tension. 
Another  example  of  the  same  clas.s  of  actions  is  seen  when  a 
piece  of  camphor  is  placed  upon  hot  water;  it  immediately 
rushct)  about,  often  exeeutiue  rotatory  movements,  tirst  in  one 
direction,  then  in  another.  Thctie  at^  produced  by  diminution 
in  the  surface  tension  of  the  water  as  it  diMolvea  the  camphor, 
Burfiice  currentt>  radiate  in  all  directions  from  the  particle  of 
camphor,  and  as  the  nite  of  solubility  vjiries  in  different  parts, 
the  pressure  varies,  hence  the  movement  and  chan/jes  therein. 
A  pellet  of  potasBtum  or  sodium  on  cold  water  cxhibita  simi" 
movements. 


:. 


^ 


332.  Imbibition  and  AbiorptioQ  of  Ltqaids. — In  a  physiologicid 
sense  imbibition  refet'tf  to  the  tukin^  up  of  fluid  by  an  inani- 
mate solid,  wliilu  absur^ition  is  applied  to  the  same  action  in  a 
living  animal,  or  plant  surface,  or  in  a  medium.  In  physics  they 
are  equivalent  terras  for  a  modified  form  of  capillary  attraction, 
in  which  capillarity  ia  the  result  sonietimea  of  clustered  tubes, 
or,  afjain,  of  fissures.  Examples  of  this  action  are  otfored 
by  a  mass  of  sponge  which  by  its  porosity  takes  up  nearly  its 
own  bulk  of  water.  In  like  manner  a  glass  tube  tilled  with 
sand  will  imbibe  a  considerable  quantity  of  water,  raising  it 
above  the  original  level.  Wicks  employed  in  lamps  act  after 
the  same  fashion;  indeed,  they  may  he  regarded  as  bundles  of 
capillary  tubes. 

The  upper  rooms  of  &  building  tlie  foundations  of  which  aro 
iti  damp  soil  may  in  this  way  become  damp,  moisture  passing 
from  brick  to  brick  throughout  its  whole  extent,  A  few  threads, 
or  the  end  of  a  towel  banging  over  the  side  of  a  basin  of  water, 
will  act  as  a  capillary  siphon,  and  in  time  empty  the  basia. 
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III  tlie  general  use  of  these  terms  imbibition  19  eonfined  to 
lirjuii]?,  absorption  ulieu  speaking  of  liquiils  aod  gaeeH. 

In  iJie  firautico  of  suri^ery  the  u«e  of  lint  is  un  exumple  of 
je  application  of  imbibiiioii.  In  their  ordinary  conditiou  the 
jorptive  power  of  lint  is  inueh  greater  thuii  thftt  of  cotton. 
Hitly,  however,  eolton  has  been  prepared  in  euch  a  manner 
-'to  increase  its  absorptive  pro|ierty,  and  it  is  o^cteiit^ively 
iiployed  as  a  substitute  tor  lint.  Another  instance  of  tlie  ap. 
Bliciniou  of  absorptive  properly,  id  the  use  of  powders  of  various 
jtiiidfl  on  the  person  for  taKing  up  excretions  of  the  superticiHl 
liindis.  The  more  cffeciive  conHist  largely  of  starch,  and  of  the 
spores  of  eryploganas),  umon^  which  lycopodium  may  be  luen- 
noiied. 


a 


33S.  Filtration. — Upon  this  process  cheroieta  depend  mainly 
for  the  means  of  separating  eolid  and  li(|uid  fiut»itaiK-ef.     It  con- 
aists   in    the   appUuiiion   of  the  absorptive  power  of  unsized, 
Iftbutou^,  or  filtering  paper  as  it  ia  called. 
The  best  16  nearly  pure  cellulose,  and  is  j'lo.  180. 

■old  as  Swedish  filtering  [taper.  The 
paper  is  cut  into  circles  of  different  Oiamc- 
lers  accor<ltn^  to  the  quantity  of  inaierial 
to  he  operate<l  uport.  Having  selected  a 
piece  of  suitable  size,  it  is  folded  twice 
nlongthe  dotted  lines  shown  at  A:  thus 
tbu  quadrant  B,  is  ublaincd.  couaisting 
of  four  layers  of  [laper.  These  are  sepa- 
rated, to  give  three  on  one  «idc  and  one 
vn  the  oUicr;  u  conical  cup  is  thus  lurnied, 
which  is  fitfetl  to  the  interior  of  a  funnel 
a»  at  C,  and  the  funnel  placed  in  a  cylin- 
drical vessel.     Fig.  ISO, 

To  secure  proper  action  of  the  filler,  the  paper  cone  should 
St  the  interior  of  the  funnel  as  accurately  aa  pot^sible;  the  first 
action  involved  is  absorption  of  the  fluid  portion  of  the  con- 
tents of  the  titter  by  the  bibulous  jmper;  this  passing  to  the 
exterior  of  the  paper  enters  the  annular  siiace  between  the 
paper  and  funnel,  where  it  is  again  submitted  to  the  action  of 
capillarity,  and  the  outward  flow  of  liquid  assisted.  Tho  rapid 
conduction  of  this  portion  of  the  operution  depends  largely  upon 
the  accuracy  of  Jit  between  the  filter  and  funnel,  iteuco  care 
Bhould  be  taken  to  select  funnels  of  the  proper  angle.  This 
U  readily  done  by  trying  with  a  paper  cone  prepared  in  the 
manner  described. 

Tiio  rate  of  filtration  may  be  greatly  favored  hv  adapting  the 
funuelf  A,Fig.  1^1,  to  a  two-necked  bottle,  C,Bn(festablisbii)g  a 


rainiioti. 
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Fio.  131.  partial  vacuum  therein  by  connecting  the  tube  C 

with  a  filter  pump  (177).  To  support  the  point 
of  the  filter  and  protect  it  from  the  effects  of 
increased  pressure,  a  small  cone  of  platinnm 
toil  is  dropped  into  the  apex  of  the  funnel. 

334.  Draper's  Steam  Exhanit  for  TiltrttioB.— 

"When  a  column  of  water  sufficient  for  work- 

^^-^^  ing  a  Bunsen  pump  is  not  available,  a  device, 

"•^^  of  which  I  published  an  account  in  the  London 

R«pij flimtion.        ''Philosophical  Magazine,"  for  May,  1870, may 

be  used.     Its  essential  parts  are  represented  in 

Fig.  132.    A  B  is  a  wide  tube,  drawn  to  a  small  opening  at  A, 

and  closed  by  a  cork  at  B.     Through  the  cork  a  tube,  S,  paages 

which  terminates  in  a  fine  opening  near  the  end  of  the  large 

FiQ.   132. 


nnipcr's  Henn)  oxhatut. 

tube  at  A.  When  steam  under  pressure  is  passed  through  S, 
and  the  small  openings  of  the  two  tubes  are  properly  adjusted 
to  each  other,  exhaustion  is  produced  in  the  interior  of  A  B. 
By  means  of  the  tube  E  this  rarefaction  may  be  applied  to  the 
tube  C  of  the  filter  bottle,  Fig.  131.  By  a  pressure  of  one 
atmosphere  in  the  steam  boiler,  an  exhaustion  equal  to  8  inches 
of  mercury  is  easily  attainable  in  the  filter  bottle. 

When  the  tube  E  is  disconnected  from  the  filter  bottle,  and 
air  permitted  to  enter  freely,  tlie  mixture  of  air  and  steam  which 
issues  from  the  nozzle  of  A  is  a  very  grateful  and  soothing  ap- 
plication to  the  surface  of  the  skin,  and  I  have  suggested  its  use 
in  intianied  conditions  of  this  organ,  as,  for  example,  erysipelas. 

334  A.  Special  Filtration. — By  filtration,  various  objectionable 
substances  may  be  separated  from  water.  The  action  is,  prop- 
erly speaking,  chemical,  and  consists  in  the  oxidation  of  nOxious 
bodies.  Tliey  are  of  sutticlent  physical  interest  to  command 
our  attention. 

Ist.  Filtration  by  masses  of  compressed  charcoal  is  recom- 
mended as  deodorizing  and  clarifying.  These  filters,  however, 
very  quickly  become  clogged,. and  in  their  interior  germs  of 
various  kinds  develop.     They  are  not  employed  to  any  extent. 
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\y  Jhiety  diinUd  charcoaL  In  this  proeesH,  a  funnel- 
[1  iKircelaiii  vessel,  through  which  timiiy  holes  are  punc- 
is  fitted  mouth  <lown  and  w&ter-ti^''ht  lo  an  opetiing  iu 
>ttom  of  a  cyliiiilcr,  wtiu-h  holds  the  wuter  to  be  purilied. 
unnel  U  covered  hj*  ashcstoa  eloth,  fimteiied  with  string  of 
ime  nialL'rial.  Finely  divided  chnn-oal  is  then  iiiitigted 
motigh  water  to  cover  the  fiiiini'!,  and  poured  over  it.  An 
liter  drains  through,  it  leaves  h  covering  of  charcoal  ou  the 
oe  eldth.  The  Hpace  between  (he  funnel  and  cyliudcr 
W  filled  with  coarse  chareoah 
I  filter  being  tliua  prepared,  fluid  is  poured  into  it     It 

I  thnnigh  peiit-ctly  clear  ami  vvel!  adapted  for  use  in 
rtic  economy.  As  it  percolntee,  fresh  portions  may  be 
,  and  the  action  kept  up  for  days  or  weeks,  depending 
the  chsraeter  of  water  filtered. 

ISpotipi/  iron  filters  consist  of  a  lall  cylinder  with  per- 
d  bottom.  In  this  cylinder  a  layer  of  coaree  gnivel, 
nch  thick,  is  placed,  npon  this  a  layer  of  tine  clear  quartz 
then  a  layer  of  coarsely  powdered  pyrolusito  about  three 

II  thick,  and  finally  a  layer  of  four  or  five  inches  of  spongy 

Water   poured   on    the    top   layer,   is   delivered    below 
^d. 

i-lction  of  sponjiy  iron  in  the  presence  of  water  and  air 
cmove  all  or^nic  nialter,  at  the  khihc  time  forniing  a  proto- 
f  iron.  In  rlie  layer  of  pyrolusite,  this  is  peroxitfized,  and 
ited  as  red  peroxide  of  iron;  the  lower  layers  of  fine  and 
)  eand  arrcft  the  |ieroxide,  and  the  water  nows  out  below 
:om  luhnixrure  therewith. 
.    Poper-j>idp  JUfrrs.     In  preparing    these  fio.  18S. 

is  beaten  to  a  pnip  with  water,  and 
d  into  a  vessel  like  that  used  for  fine  cLar- 
tlters.  The  ashestoR  ihnss  becomes  covered 
paper  pulp,  through  wliich  tlie  filtration 

place.  Mmlilicutions  of  this  form  are 
iscd  in  the  manufacture  of  beer  and  wine, 
arate  certain  impurities. 


,  Abiorption  of  Gases  by  Solids. — If  a  tuhe, 
I  tilled  with  dry  animoniacal  gm  ut  a 
irial  trough,  K,  and  a  piece  of  freshly  pi-o- 
charcoal,  C,  passed  tliro^igh  the  mercury 
10  gas,  the  charcoal  will  immediately  begin 
Kjrh  the  gus,  and  the  action  will  continue 
it  has  imbibed  many  times  its  own  volume, 
;oal  made  from  boxwood  posecBScs  this 
rty  in  a  very  high  degree,  ror  this  suhslnnco  the  al>sorp- 
rur  is  as  fullows^  for  different  gases  at  ordinary  pressures. 
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Those  taken  up  in  largest  quantity  are  the  more  liquiGable. 
The  amount  incrcaseB  with  the  presaure. 
One  volume  of  boxwood  cliarcoal  takes  up  of 

Ammonia 90    volume*, 

H3-drochloric  acid 85         '' 

yul[ib(trous  acid Co        " 

Sulpfauretted  hydrogen 66         " 

Carbonic  acid 85         " 

Carbonic  oxide fl.4      " 

Oiygen 92     " 

Nitrogen 7,6      " 

Hydrogen 18" 

The  power  of  chestnut  charcoal  is  still  greater,  one  voluiirs^j 
taking  up  171  of  ammonia,  108  of  cyanogen,  and  73  of  carboni-^ 
acid.     Pine  charcoal  has  about  half  the  power  of  boxwood  coal  ^ 
Corkwood  coal,  though  very  porous,  has  little  or  no  absorbent^ 
power,  neither  has  graphite. 

These  results  are  to  be  attributed  to  the  property  which  cer-    ' 
tain  substances  possess  of  condensing  gases  upon  their  surfaces 
(284).     It  is  evident  that  in  the  case  of  charcoal  the  extent  of 
surface   is   enormously  increased  by  its  sensible  pores,  hence 
there  is  nothing  very  surprising  in  the  power  with  which  it  acts. 

336.  Disinfeotant  Action  by  Charcoal  Explained. — We  have  had 
occasion  (^84)  to  refer  to  the  nascent  condition,  and  energetic 
chemical  action  of  gases  condensed  on  the  surface  of  metals  in 
electric  decompositions.  This  action  ofters  an  explanation  of  the 
power  of  charcoal,  and  certain  other  porous  bodies,  to  destroy 
evil  odors  and  emanations. 

Whenever  gases  are  submitted  to  surface  condensation  by 
solids  their  chemical  activity  is  increased.  The  oxygen  of  air 
when  absorbed  by  the  pores  of  charcoal  is  condensed  upon  their 
surfaces ;  in  this  condition  its  chemical  activity  is  greater,  at  the 
same  time  the  gaseous  constituents  of  the  odors  or  emanations 
are  also  compressed  into  smaller  compass  in  the  pores  of  the 
charcoal,  and  tlieir  proneness  to  oxidation  is  in  like  manner 
advanced.  The  action,  therefore,  works  both  ways,  the  ten- 
dency of  the  oxygen  and  the  oxidizable  matter  to  go  into  union 
is  increased,  with  the  result  of  producing  new  combinations 
which  would  not  be  possible  at  ordinary  temperatures  in  the 
absence  of  charcoal. 

337.  Occlusion. — Among  metals  platinum  in  the  form  of  powder, 
called  platinum  black,  possesses  high  ftl>sorbent  power.  So  also 
does  spongy  platinum,  which  is  said  to  condense  250  times  its 
volume  of  oxygen  at  ordinary  temperatures.  The  intensity  of 
the  affinity  of  oxygen  and   hydrogen  condensed  in  the  pores 
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platinum  become«  so  ffrcat  that  the  tempertitiire  nitia 
lu  puiiit  of  ignUi(<ii,  atul  thvlivdro^en  takes  fircua  in  the 
iner  lamp,  fig".  134,  whuh  coii-iists  of  a  simill  hydrogen 
or,  ABC,  in  whirh  uhen  a  certain  quantity  of  gua  litu 
(1  the  apparatus  coat^ott  to  act.  Hv  nicaiiit 
ojicock,  U,  the  gas  issues  ihrougK  a  tine 

impiii^'6   upon  a  stimll  iiiapn  of  spongy 
n  K,  with  tlie  rcBiilt  (lcscnh<?<i. 
linury  platinum  be  heated  and  then  allowed 

in  hydrogen,  it  ai>sorl>8  four  linicH  its 
of  gas.  PaUadium  otters  ft  still  more  re- 
le  example,  alraorhitig  hydrogen  not  only 
Ing  hilt  also  when  cold.  If  this  metal  is 
the  pole  of  a  voltaic  battery  in  the  electric 
oeition  of  water,  it  will  uheorh  tio  \ef»  than 
108  its  volume  of  hydrog(*n  ifus.  Under 
ircuniHtaiices  the  deimily  of  the  ga^  is 
usiy  increaaed.  In  this  statu  it  pmbuhly  acts  like  n 
brniin^  an  alloy  with  the  palladium. 
tas  which  is  taken  up  hy  metals  in  the  niainipr  di'scnhed 
IJe  removed  hy  an  air  ]mnip:  i'or  it*  cxpnision  oh:-vatioa 
eratureis  i-e«juired.  Graham  hns  called  these  phenomena 
rption  of  ^aaes  hy  metals  (x-i-limnn,  and  conceives  that 
cur  nndcr  cireumstanecs  in  which  (here  are  no  poix-s. 
rd  to  this  opini<>)i  the  Htudenl  Ih  referred  to  (43),  in  which 
tence  of  sensihle  jMires  in  ^old  and  other  motals  is  dis- 

Ifiheir  existence  it»ifriifiteij,  the  phenomena  of  ocehiHiun 

u  mere  exajr^enition  of  surfUee  condensalloii  of  a  gaa 
9  of  a  solid,  as  explained  in  (335). 

txperimcntal  illustration  of  tlie  occlusion  of  hyilrogcn  by 
ira  may  he  shown  by  making  two  long  slender  stri|>s  of 
lal  the  terminal  electntdes  of  a  voltaic  battery,  and  im- 
;  Uiem  in  water  in  a  decomposition  cell.  One  side  of 
ip  should  he  vamifihed  to  prevent  cofitact  with  the  water, 
ing  the  current  through  the  cell  the  palladium  pole  from 
he  hydrogen  is  evolved  occludes  the  gaa  only  on  its 
ihed  surface;  hence  there  is  expansion  on  that  side 
nd  Ihu  strip  becomes  eurvcd  in  itccordanco  theivwiili. 
iig  the  current  ihe  strip  which  eurve<l  hec^onies  straight, 
le  opposite  strip  curve*.    Thus  acting  like  a  linger,  each 

its  turn  designates  the  track  the  current  uf  electricity 

act  of  the  occlnaioii  of  hydrogen  by  iron  has  led  to  ex- 
Dn  of  the  meteors  which  from  time  to  time  come  from 
nns  of  space  to  the  enrih  Whenever  these  contain  iron 
ind  to  present  occluded  hydrogeu,  thus  dcnkoiistrating 
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the  exiatence  of  both  of  these  elements  in  regions  exterior  to 
the  atmosphere. 

338.  Transpiration  of  Liqnidi  and  0ases.^Th)8  term  is  applied 
to  the  paesage  of  liquids  or  gases  through  capillary  tabes  under 
pressure.     The  experiments  of  PoiseuiRe  have  determined  the 
following  laws  of  effusion  or  efflux,  both  of  which  terms  areeto- 
ployed. 

1st.  The  flow  increases  directly  as  the  pressure. 

2d.  With  tubes  of  equal  diameters,  the  quantities  discharge 
in  equal  times  are  inversely  as  the  lengths. 

3d.  The  material  of  which  the  tube  is  made  does  not  inflaet*** 
the  result. 

4th.  For  liquids  in  tubes  of  equal  length  but  different  dia*^' 
eters,  the  rate  of  efflux  is  as  the  fourth  powers  of  the  diamete.*^ 

5th.  For  gases,  as  the  temperature  rises  the  transpiration      ^* 
slower. 


CHAPTER   YIII. 

MOLECULES  OF  TWO  MEDIA,  BOTH  SETS  MOVING. 

Solution  and  mixture  contrasted — Diffusion  between  liquids  or  solutions — Cm- 
tiilloids    and  colloids — Amceboid    movcuienls    imitated — Diffusion    between 

gases — Absorption  of  gases  by  liquids. 

In  this  ease  we  have  the  following  conditions:  Ist.  The  move- 
ment of  tlie  molecules  of  a  solid  among  those  of  a  fluid  forming 
a  solution.  2d.  The  movement  of  the  particles  of  one  fluid  or 
solution  into  another.  3d.  Movement  of  molecules  of  one  gas 
among  those  of  another.  4th.  Movement  of  gaseous  moleciilea 
among  those  of  a  liquid. 

339.  Solution  and  Hixtnre  Contrasted.— In  (283)  the  subject  of 
solution  has  in  part  been  discussed.  It  is  a  phenomenon  very 
diftieult  to  place,  involving  both  simple  adhesion  and  molecular 
motion. 

Solution  may  be  of  two  kinds:  Ist.  Chemical,  in  which  there 
is  more  or  les.4  change  of  composition  and  properties,  so  that  we 
do  not  regain  the  same  solid  on  evaporating  tlie  solution  to  dry- 
ness.    2d.  Physical,  in  wliich  the  properties  of  the  body  are 


Via.  ISA. 


flolMHin  lUMnM. 


SOLKODLSa   OP    TWO    SEDIA,  BOTH    SETS    HOTINO. 

t  altered,  mn\  it  can  be  rcgnincd  in  its  original  form  by  simple 

•iioration  of  tlie  Jiasolvinir  menstruum. 

Movemc'iits  atletidiiijr  cither  of  tliese  acla  are  largely  due 

incroast'i!  gravity  of  the  solution  t'ormod  over  that  ol  the 
MnMriinm  in  which  it  is  produced.  They  may  he  gkowu 
'ihi^  arrangement  in  Fig.  135.     It  cun&i^tu 

11  glafw  coll,  A,  the  sides  and  purtaces  of 
hich  ate  flat  and  ]>arallc1.  The  space  en- 
t»ed  IK  about  three  inches  square,  and  half 

Inch  thick.     A  morsel  of  sugar,  B,  is  sus- 

ded  by  a  idutiiaim  wire  in  the  interior  of 
cell  in  tilt:   po-dtion    indicattMl,   and   the 
tmngvmeat  placed  upon  the  stage  of  a  pro- 
ion  lantern  and  locuAsed  tipiin  the  Bcrccn.     Water  is  then 
iiired  into  it  until  it  reaches  or  covers  the  sugar,  when,  at  once, 
uctton  begins,  and  the  currents  esLablisbeU  form  a  most 
ercsliiig  i«pectat'le. 
This  action  continues  until  the  equilibrium  between  the  coho- 
c  and  ndhe^ivc  forces  described  in  ('2k:j)  is  attainorl;  it  then 
aes,  and  the  solution  is  said  to  bo  satterated.    The  point  of 
uralion   for  any  Holid   iu  a  given  menstruum  is,  however, 
irhible   for   difterent    tcinptratures,  though  the  same  at  any 

en  degree. 

In  the  case  of  the  intermingling  of  fluids  like  alcohol  and 
ter,  there  is  no  limit  of  solubility  or  satui-alion,  either  one 
\y  or  the  other.  These  are  called  mixtures.  In  certain  in- 
iice4t,  the  first  stage  of  the  preparation  of  such  mixtures  is 
ended  hy  change  in  temperature,  as  with  sulphuric  add  and 
ter.     It  is,  thurelore.  thought  by  some  that  solution  may,  in 

sc  instances,  bo  a  low  form  of  choniical  action  or  chemisni. 
On  the  other  hand,  there  are  caces  in  wliich  two  liquids  do 

form  mere  mixtures,  but  true  solutions  which  show  a  point 

saluratton;  examples  of  tliis  are  offered  in  the  relations  of 

tor  to  volatile  oils,  many   of  which   arc  eolublo  only  to  a 

linite  point,  when  the  aoiutiou  may  he  said  to  be  saturaiwl. 

Cerlttiu  mixtures  sepamte  easily,  as  those  of  fata  in  water  and 

uinen.  These  are  known  as  emulsions;  oftliis  group  fresh  milk 
Kn  example.     In  time  it  separates  snontanenusly.     Ohjectiou 

hi  be  made  to  thia  instance,  on  tne  score  of  the  chemical 

nge«  that  at  the  same  time  lake  place.  Such  objections  are, 
vevur,  not  valid  tn  the  seimnition  of  the  constituents  of  milk 

mere  cenlrifttgal  a(^ti<m  (812). 

\\  true  solutions  of  saline  bodies,  separation  of  the  constituents 
ly  takes  place  by  the  act  oi  crystallization,  when  the  point  of 
uratiou  of  any  one  of  its  components  is  reached. 

fS40.  Diffusion  Between  liqaida  or  Solutions. —Tliougli  all  lirpiida 

:>ear  to  resemble  each  uilicr  closolyj  there  are  nevertheless 
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essential  differences  between  them.  Water,  for  example,  will 
intermingle  freely  and  in  all  kinds  of  proportions  with  alcohol 
if  agitated  therewith,  but  not  at  all  with  certain  oils.  Wateraiid 
alcohol  not  only  form  a  mixture  when  shaken  together,  but 
also  when  merely  placed  in  contact,  the  alcohol  bein^  carefully 
floated  on  the  surface.  Under  these -circumstances,  m  spite  ol 
the  greater  specific  gravity  of  the  water,  it  passes  upwards  to 
mix  with  the  alcohol,  and  the  light  alcohol  penetrates  to  tbe 
very  lowermost  layers  of  the  water,  until  finally  they  form  a 
uniform  mixture  throughout  To  this  pbenomenon  of  the 
spontaneous  intermingling  of  miscible  liquids,  the  name  ot 
simple  diffusion  is  given". 

The    laws  which  govern   simple   diffusion,   or  that  form  in 
which  there  is    no   barrier  between   the  liquids,  have  been 
thoroughly    investigated    by    Graham.     The 
method  he  finally  adopted  was  to  take  a  wide- 
necked  bottle,  A,  with  a  capacity  of  about  tooT 
ounces.      The    qA^q   of   the    lip   of   this  wi'^ 
ground,  and  a  disk  of  thin  glass,  C,  fitte^^ 
thereto.    The  bottle  was  filled  with  the  liqui^^^ 
or  solution  to  be  examined,  and  the  cover  pu    ^^ 
in  position.     It  was  then  placed  in  a  jar,  B,  a^^^ 
is  shown   in  Fig.  136,  and  the  jar  filled  witl^^O 
distilled  water  to  a  height  of  one  inch  overthe^^^, 
cover.     Uniformity  in  this  respect  was  an  im-    ^ 
portant  element   in   all   his   experiments — the 
amount  of  water  employed  was  about  20  ounces. 
The  disk  was  then  removed  with  as  little  difl- 
turbance  as  possible,  and  after  the  lapse  of 
sufficient  time  replaced,  and  successive  layers 
of  the  water  removed,  and  their  composition  determined. 

Under  this  method  of  examination  various  solutions  exhibited 
different  pmvura  of  diffusion.  The  following  table  gives  the 
times  of  equal  diffusion. 


«: 


^c 


Piffiiflim  lUwInilnt. 


i^iilHiHiifn.  UiontM. 

Hydrochloric  ncid 1.0 

Oliloride  of  sodium 2.3 

Sugnr 7.0 

JIiii:ne-iiini  sulpliate 7.0 

AHiinnen 49.0 

Camiiii'l 98,0 


Elevation  of  temperature  increased  the  quantity  of  solution 
diffused.  Tlie  rate  for  hydrochloric  being  one  at  15°  C,  was 
more  than  doubled  at  49^*  C. 

When  eultstaiicos  which  do  not  combine  are  mingled,  that 
which  is  more  diffusive  passes  out  of  the  bottle  more  rapidly; 
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rn  liodicsare  tliu^t  nartnill,y  f^eparated.    Somettmoeclicmical 
ipoftition  reeults  trom  thi.s  action. 

341.  CT7itaIIoids  and  Colloids. — In  the  list  of  5iil)Btniices  t;ivcn 
iri  the  j>rcce<-liiijr  tiiihisioii  tuljle,  eome  are  crvstalMue  and  some 
ire  aninrphous.  Of  LTysUiIline  or  saline  nniiiea,  inagnesiuin 
iul|>liat<j  is  otic  of  the  Itu*t  ditlusible,  yot  it  diffuies  8cv*eii  times 
15  titst  liH  albnmun,  and  fourteon  tinicfl  as  fastus  caramel.  Other 
indios,  a^*  starch,  dextrine,  pnni,  liydrated  silicio  upid,  resemble 
.IbiKiieii  and  earaniel  in  their  luw  ratu  ofditifuitihility,  and  furtn 

ttli^tinct  grou|i.  To  tliis  group  (jrahain  has  given  tliu  name  of 
Mo'ui  or  ghie-like,  in  contradistinction  to  the  saline  or  ervBlal- 
nid  enhstuncea  which  have  so  much  greater  dittusive  power 
W7). 

312.  AuKsboid   Movemeats  Imitated. — In   connection  with  the 

icnnnitrna  of  diflhsion  uf  liijuids,  I  have  for  a  few  vearH  past 
?xhil>itud  Ici  my  (.■litsj-es  a  vurv  uurioLiH  and  instruclive  original 
iv[H.<rinicnt  in  winch  the  actions  i^ccn  in  nnia'ba  under  a  miero- 
(«>!*, are  imitated  with  singular  tidelitv- 

The  apparatus  consists  ol'  the  cell  dcBcrilfed  in  f33!>).  The 
inner  wall  must  he  perfL-ctly  clean.  It  is  half  filled  with  pure 
nuter,  ami  pliiced  nnon  a  hiutern  stage.  A  layer  of  alcohol  is 
^nlly  poured  on  the  water  to  tlie  depth  of  about  a  tenth  nf 
Oil  inch;  the  cell  h  then  cautiotiflly  tilted  to  moisten  one  of  its 
sidcK,  nnd  returned  to  the  uonual  condition. 

After  a  sliort  time  dntptt  form  on  the  Rurfaco  of  the  ;?)a(>8. 
Thc«e  are  focused  upon  the  screen,  in  order  that  their  move- 
uiunt  niuy  be  seen  to  advantage.  They  are  jierfectly  outlined, 
and  move  ahont  extruding  and  withdrHwin":  curious  processe*, 
exactly  aflcr  the  fashion  of  aniiuha.  If  they  approach  closely 
to  each  other  the)'  cohere,  aad  become  one.  Thus  far  it  is  easy 
In  conceive  that  one  is  watching  the  movements  of  aniwba. 
But  even  more  extraordinary  motions  are  executed.  From  time 
to  time,  one  op  these  singular  protean  forms  approaches  the 
Burfaee  of  the  li'[nid,  ami  assuming  the  cmlliiic  of  a  very  short- 
necked  tlu^lc,  hegins  »  rapiil  movement  whicli  is  an  exact 
gOiHiterpart  of  the  act  of  drinking. 

I  ThCHo  marvellous  movcnicnte  on  the  wall  of  the  gla^ii  cell 
coiilinue  for  fl(mic  time.  I  have  often  watched  them  for  two 
honm  contitmously.  Ae  one  i^mei  upon  them  as  ihougli  fas- 
cinatetl,  it  is  almofil  ini|H)ssihlf  to  divert  the  mind  from  the 
idea  that  the  niolionw  are  execute^]  bv  some  one  of  the  lower 
forms  of  uninial  organiams.  We  Iook  upon  phenomena  like 
those  wc  have  described,  us  one  of  the  most  characteristic 
fvaturos  of  antina}  lil'c.  yot  wc  here  find  them  executed  hy  mere 

lorganized  drop&  of  IIiiiiL 
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Though  we  have  introduced  the  above  experiment  in  thii 
division  of  our  subject,  it  is  to  be  nnderstood  that  in  addition  to 
the  acta  of  diffusion  on  which  they  are  based,  other  influences, 
such  as  evaporation  and  adhesion  to  the  glass  surface,  are  in- 
volved. The  latter  is  a  most  essential  element  of  Bucceee,  for 
without  proper  attention  to  cleansing  the  cell,  the  experinieat 
is  not  satisfactory. 

343.  Biffbflion  Between  Gases. — Gases  also  diffuse  when  hrougU 
in  contact  with  ench  other,  and  form  a  perfect  mixture,  no  matter 
how  great  the  difference  in  their  specific  gravities  may  be.  . 

In  Fig,  137.  the  interior  of  the  jar  H  is  first  moistened  with 
strong  hydrochloric  acid;  it  is  thus  filled  with  hydrochloric  acid 
gas.    It  must  be  kept  mouth  upwards,  as  the  gas 
Fio  137.        is  heavier  than  air.    In  like  manner,  the  bell  A  is 
filled  with  ammoniacal  gas,  the  operation  being 
conducted  at  a  distance  from  H,and  the  bell  being 
kept  mouth  downwards  to  retain  the  light  gas. 
They  are  then   brought  mouth   to  mouth.     At 
once  the  gases  intermingle  in  spite  of  their  differ- 
ent gravities,  white  fumes  of  ammonium  chloride 
appearing,  which  almost  immediately  fill  the  jurs. 
In  the  above  arrangement  one  is  impressed  with 
the  great  rapidity  with  which  gases  diffuse  when 
com])ared  with  liquids.     The  result  grows  out  of 
the  fact  of  the  greater  mobility  of  the  gaseous 
molecules,  and  is  a  proof  of  the  hypothesis  that 
the  particles  of  these  elastic  fluids  are  in  constant 
active  motion. 
Diffim»ii utween  If  t'l^  diffuslou  of  gasBS  Into  the  atmosphere  is 

pisM,  hindered,  by  placing  them  in  closed  vials  which 

communicate  with  the  air  by  tubes  about  ten 
inches  in  length,  and  a  small  fraction  of  an  inch  in  diameter, 
the  relative  rate  may  be  easily  determined.  From  experiments, 
conducted  in  this  manner,  Graham  arrived  at  the  following 
results ; 


Rtiaiite  diffnaibiliiy  of  gases  into  air. 


Gnu. 

Hydrum'n 
Curlp.  livdrogen 
Amini'DJu 
OloDiint  ijiis 
Carboiiiu  iinhvdride 


8p.gr. 

1 

8 

8.5 
14 
22 


Siilpliunius  unlivdride       ......     82 

Chlniinu  ,         .' 85.4 


Bate. 
94.6 

62  7 
69.6 
48.3 
47.0 
46.0 
89.6 


Showing  that  the  lighter  the  gravity,  the  more  rapid  the  rate 
ot  diffusion. 


V«(>or8  aI«o  move  into  wifh  otlier,  iiml  into  puses.     Under 

all  uircunmtonc'fs  of  diffiisioii  of  giist-^s  and  vapors,  they  never 

njrain  si-parate  by  virtue  of  their  dtft'ereuces,  but  constitute  a 

itiifortn  mixture  until  deeouiiioscd  by  suitiiblo  chcniieal  means. 

344.  Absorption  of  Oas«»  by  Liquids  iiiuy  be  either  ehemieal 

or  idivsieiil.  In  tlie  tirsi  ciisc,  Ihe  iiiiinuiit  taken  up  Ih  defitiite 
and  fixed,  ua  of  carhonie  ai-id  and  chlorine  in  a  i^olulion  of 
caustie  soda.  In  the  ueeoud,  the  jiroportion  varies  with  tem- 
pemturc  and  prcuture. 

A«  regurds  the  effect  of  preHsure  on  pJiyeicol  solution  of  y;afieB, 
the  law  is  very  simple,  the  uniount  dissolved  varyiiij;  aTmo«l 
directly  as  the  pressure.  For  this  result,  we  tind  an  exphmalion 
in  Boyle's  or  Mariotte'a  law  {'22?,).  The  ctlect  of  leniperature 
cannot  be  so  readily  brou^rht  under  the  intlnene*-  of  any  stated 
'  %w.  Ill  a  general  way.  gaavs  are  le»s  soluble  at  high  than  at  low 
jDipemture;  there  are,  Iiowevcr,  many  exceptions:  hydro^n, 
)t  oxampic,  is  equally  soluble  in  water  between  0°  and  26*^  C, 
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ttahmont   of   continuoui    flow    in    capiUnry   (uWa — Tht   «!n<io«mone(er — 
''OunrMitii — DUI.vtU— Afiplicntlont    of  dUlym — Umuosis    of  );aM>    tbrougb 
IMiroiu  DMdin— [Iyi;ieiiic  iinpiirtuncu  of  (Mmmia  of  g«*M— O*mo«i*  at  gsM* 
Uiniu|h  mtiul* — Vitiation  nf  nir  by  *tov«« — CKpiUiirity  and  chemUai. 

WuBBE  the  molecules  of  all  the  media  present  ure  in  move- 
ment the  eonditioiift  arc  similar  to  those  pven  in  Chapter  VIIL 
Wlicre  the  uioleeules  of  one  of  tlio  metlia  are  at  rest,  the  con- 
ditions are  a  coinbinalion  of  those  presented  in  CImptorR  VTI. 
and  V^ni.,  and  new  and  very  important  phenomena  arise.  To 
these  we  shall  devote  special  attention. 

845.  EstaMishment  of  Continixoas  Flow  in  CapiUary  Tubes. — In 
(325)  it  in  ^latetl  tliat  a  <-a;iil1ary  tube  doe8  twt  alUiw  a  li<)uid  to 
'  )vcrHnw  when  it  i«  brolfen  short  of  the  height  to  which  it  can 
lise  the  li()uid. 

This  is  true  so  long  as  nothing  is  done  to  remove  the  liquid, 
it  reaches  (he  fractured  extremity.    Il^  ou  the  contrary,  tho 
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liquid  Ueiiig  wnter,  we  from  time  to  time  tmicli  the  en<i  of  tlie 
tube  with  a  slip  ot"  blottiiijfor  other  liibuloiia  paper,  the  Haiti i- 
tiiken  ap  by  it,  and  more  rises  to  fill  its  place.  In  like  manner. 
the  Ohm  Iwiog  alcohol,  it  may  be  evaporated  at  tlic  end  of  ik> 
I'apillurj,'  lube,  and  an  upward  current  theitthy  estabhithcil. 

We  have  seen  in  (340)  that  liquids  diffuse  into  each  other. 
If,  tboi-cfui-e,  wc  mtike  a  i-npillarv  tulie,  C,  the  means  of  ooni- 
iiiutiicatiiiii  holween  a  vessel.  A,  conHiin- 
Fio.  13*.  j|,g  alcohol,  and  another,  AV,  filled  wil^ 

wttter,  ae  fast  as  the  contents  of  W  reaeli 
A  they  will  be  removed  by  difhisioii  into 
the  larger  mass  of  aleohot,  and  a  continuom 
flow  from  W  to  A  established.  On  the 
other  liand,  as  fast  us  the  alcohol  ytmam 
through  the  capillary  to  W,  It  will  iti  il* 
riowiiieii-uikiynb*.         ictrn  he   removed  and  a  flow  established 

from  A  to  "W. 
Thus  throufifh  a  fine  tube  two  liquids  may  be  morinj;  in 
opposite  directions  at  the  same  time  uuder  the  combined  iu- 
flnenceot'capiilnrity  and  Hiinptc  dift'imion.  In  such  a  raovenieiit 
the  liquid  which  has  the  greaier  capilhirity  and  dithisive  power 
will  have  tlie  advantage,  and  move  in  larger  quautity  or  more 
rapidly. 

346.  The  Endoimoineter  was  so  called  by  tta  inventor,  Do* 
trochct.     It  L'oiisisis  of  u  glass  tube,  E,a  couple  of  feet  in  Icn^tb, 

to  the  lower  extren)ity  of  which  a 
Flo.  189.  Bmall  bladder.  A,  is  attached  without 

leakage.  The  bladder  being  filled  with 
alcohol  the  ari-aiigcmcnt  Is  immersed 
in  water  conlaine<i  in  the  vaac  W, 

The    temperatures  of   the   alcohol 
and  the  water  being  tlie  Hanie,  when 
-  -  I  tlie  blaiicler  is  first  placed  in  the  water 

if  Jjw  the  liquid  occupies  the  lower  part  of 

the  tube  E.  Scion,  however,  tt  begins 
ti^  rise,  and  forming  drops  at  E,  these 
fall  one  alter  another  and  a  consider- 
able overflow  of  u  mixture  of  alcohol 
and  water  may  be  collected  in  a  suit- 
ably placed  vessel  V, 

Various  other  liquids  can  l>e  sub- 
Ena-uiicfflinMr.  slltuled  for  alcolio]  in  the  bladder  A, 

with  a  similar  result,  viz.,  accumula- 
tion of  fluid  therein.  Among  such  articles  are  syrup,  milk, 
gum  water,  albumen,  or  any  solution  denser  than  water,  and 
miseiblu  thorcwith.    As  &  rule,  accumulation  of  fluid  takes  place 
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on  ihe  ftidc  of  the  denser  liquid  ;  to  tliis  there  are,  however, 
exceplioiis.  alcohol  being  one  of  the  most  notable. 

Since  in  the  experiments  \vc  hjivc  (lemM-ibcd  there  is  a  move- 
ment towards  the  interior  of  the  bladder,  and  nn  accumulation 
tboreii),  Dutrocltet  ^vc  to  this  phuuunienou  the  name  QfaidoS' 
mosia,  from  iwo  Greek  words  eigiiifviug  iiiwurd  inovemeiit. 

The  explaiiaiioji  of  the  actionoftheendosniometer  is  furnished 
in  (8*15).  The  meiiitinine  which  sepnmteii  tlio  two  liquids  ie  to 
Ho  regnnled  hh  u  porous  partition.  These  pores,  whatever  their 
shape  ur  charActer,  may  he  conceived  to  be  equivalent  to  short 
capillar}*  tubes  or  crevices,  extending  from  one  surfatre  of  the 
liieiiibrano  to  the  other  aiid  terminating  at  each  end  in  open 
mouths ;  one  in  eotjtact  with  ah'ohol,  t)ie  oilier  with  water. 

I'lider  these  conditions  Hinci>  water  moves  along  capillary 
crevices  *vith  greater  I'acility,  acciiniulatioii  is  in  the  interior  of 
ihe  bladder,  and  eiidomiiosiH  rusullrt.  The  exeeudingly  luiuute 
calibre  of  the  pores  in  such  membranes  gives  them  enormous 
jtower,  actiordiug  to  the  laws  of  capillarity  (329). 


347.  OsmoBis. — In  the  preceding  article  we  have  dealt  only 
with  the  result  ua  far  an  the  interior  of  the  bladder  is  concertica, 
and  have  seen  that  there  is  an  nceiimulaCion  of  a  mixture 
of  alcohol  and  water  therein.  Let  nft  now  «xaniine  the  con- 
dition of  the  lluid  on  thu  exterior  of  the  bladder.  iJy  analysis 
we  lind  that  it  is  no  longer  pure  water,  but  that  a  certain  pro- 
portion of  alcohol  is  present.  While  water  has  been  passing  in- 
wards into  the  bladtler,  alcohol  hiis  been  passing  outwards  to  the 
water.  To  this  movement  the  name  of  exosmosis  was  given 
Ly  t)utrochet;  the  double  action  is  included  under  the  term 
oamtisis,  which  wan  introduced  by  tJraliam. 

Kroni  the  above,  it  is  evident  that  often  where  endosmoaia 
exists,  exosniosis  is  present.  The  movements  are  in  opposite 
directions,  and  at  ditrereiiE  rates.  Ii]  some  coses  muvetnent  is 
onlv  in  one  direction. 

1*110  exhibition  of  exosmotic  action  may  bo  readily  shown  by 
reversing  the  charging  of  nn  cndosmonieter,  putting  water  in 
Bthe  bladder,  and  tilling  the  vase  with  aleoliol.  Under  tliesc 
Hconditions  instead  of  the  wall  of  the  bladder  becoming  more 
Hteuse  and  forcing  li<|uid  up  the  tube,  it  becomes  flaccid,  showing 
Ha  hiss  of  its  contents. 

H  So  strong  are  these  osmotic  actions  that  they  can  often  over- 
VoDine  feeble  chemical  utlinity,  in  the  case  of  dilute  alcohol  for 
V  example.  .Since  water  moves  much  more  rapidly  through  a 
menibruno  than  alcohol,  if  a  bladder  containing  dilute  alcohol 
is  suspetided  in  a  current  of  air  to  promote  evaporation  from 
"ts  exterior,  the  alcohol  in  the  interior  will  become  stronger  and 
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Btroiiger,  until  at  last  it  ie  almost  completely  dehydrated  liytn? 
cxostiiutii:  action  ou  the  water  and  its  removal  hy  vuftoriiuttion. 

348.  Dialysis. — Liquids  uot  only  traverse  porous  membraim. 
but  they  aUo  pass  tir  diftuso  through  jolly-hke  media  or  wpta, 
which  are  supposed  not  to  ftossesa  pores  in  the  ordinanrseiM 
of  tlie  term,  tltuugh  about  tttis  thei-u  may  he  tuuiie  i^uetiiiuii.u 
they  certftinlv  have  physical  iwreR  if  they  may  not  present  kiw 
Bible  ones.  'This  difiusiuu  through  jetlydike  septa  Gmhatu  bss 
called  dialysis.  Deschauel  says  such  septa  act  as  solvents  taking 
up  crystalloids  on  one  side  and  surrendering  them  on  the  other. 

The  beet  substance  for  a  tlialytic  medium  is  parchuicnl  paper 
It  is  unsized  paper  whi*:h  has  liccn  immersed  for  a  few  aecou 
in  sulpliuric  acid  diluted  with  one-third  its  bulk  of  watt^r,  an 
th<jn  waslic<l  with  weak  ammonia  and  dried.     Thus  treated  the 
paper  heeomes  very  tenacious  or  parehment-tike.     If  dippctl 
tu  water,  it  swells  and  becomes  translucent,    rarebment  paper 
may  also  he  prepared  by  a  solution  of  chloride  of  zinc. 

fn  (341)  Graham's  division  of  bodies  into  crystalloids  ft 
colloids  has  been  tliscussed.     The  colloid  grou]>  may  still  fudl 
he  divided  into  those  somewhat  soluble  in   wuter,  and  th 
almost  absolutely  insoluble.     To  the  latter  belongs  pan:hmeut 
paper. 

IJy  simple  diffusion  (340).  a  mixture  of  leas  diffusible 
colloid  bodies,  and  highly  difl'usihle  or  erystalloid  bodies,  uiidor- 
gi>c8  partial  flcparatioii.  The  ditierence  in  the  relative  rale  of 
passage  of  colloids  and  crystalloids  is  enormously  increased 
when  an  insoluhle  colloid  sepluni  like  parchment  paper  is  in 
duced  between  the  mixture  and  the  water.  Throu^rh  such 
septum  the  passage  of  soluble  colloids  is  resisted.  It  is  this 
which  ia  applied  by  Urahum  in  his  dlalyzer. 


[ler 
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Fig.  140. 


niatr^i. 


A  convenient  form  of  this  instrument  is  represented  in  ni 
140.     It  conuists  of  a  hoop  of  glass  or  other  material.  A,  the 
lower  opening  of  whlcdi  liiis  been  close*!  hy  parchment  pajwr 

fut  on  wet  and  fiistoned  in  position  hy  a  string  or  rnhlter  oan^^ 
t  should  pass  up  on  the  outside  of  the  hoop  higher  than  it 
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level  the  fluid  ia  to  occupy  on  the  iiUe-rior.  We  may  bosatUfie<l 
of  its  souiiUnesJt  by  H[ioii^iiig  it  with  {iiiru  wutur  uu  tite  iiittidu, 
and  seeiiiji;  that  no  wet  ayota  form  on  the  outride,  lu  case  they 
do,  the  openings  niuv  be  stoiiped  bv  a  vjtrnish  of  albumen, 
wbidi  18  Ihun  ooapilated  hy  heat.  I'archment  bags  may  bo 
made  in  the  eatue  wa}'. 

The  mixture  to  be  dlalyzed  is  introduced  into  the  hoop  to  a 
depth  of  about  half  un  ineli.and  rhe  arrangement  plai^i^il  in  a 
vessel  of  water,  M.  it«  bjwer  RUiiace  immersed  to  a  idieht  deptli. 
After  tlie  lappo  of  24  to  48  Iiours.  the  operation  will  bo  coni- 

fjloto,  llio  colloids  remaining  in  the  dialyzer.  and  the  crvstal- 
oids  being  almost  entirely  in  the  water  on  the  outside.  From 
thifi  dilute  solution,  the  L-ry>^tiiIluidH  niiiv  be  obtained  by  oviLpo- 
ration,  precipitation,  or  any  other  suitable  method. 

349.  AppUcatiom  of  Dialyus. —  Among  these,  three  arc  of 
especial  interest  to  tlie  physician,  uot  only  on  account  of  their 
iutriuHic  value,  hut  l>ccausu  they  may  suggest  other  ioBtanceB 
in  which  thifi  method  may  l>c  applied. 

li*l.  Solrtble  peroxitle  of  iron,  also  called  dialyzed  iron,  is  ])re- 
pareil  by  thiu  proccwn;  tlie  operatioti  ta  described  hy  Gnihain,  as 
t'otlowe;  Pcrchloride  of  iron  solution  is  tirst  satui-atcd  with  per- 
oxide of  iron  by  adding  curhcuate  of  ammonium  as  long  an  tho 
Ttreeipitated  oxide  continues  to  redissolve  on  stirring  Pro- 
longed exposure  increaseB  the  quantity  of  iron  disaulved.  The 
red  lir|uitl  formed  is  already  somewhat  colloidal.  It  ia  then 
dialyzed  in  the  usual  way  for  many  d.ayfi. 

In  an  experiment  recorded  hy  Graham,  hel>egan  with  a  liquid 
hi  the  rlinlyzer,  contHining  6  per  cent,  of  solid  perchloride  of 
iron,  which  held  in  solution  about  live  equivalents  of  iron.  In 
the  cuunw  of  eight  duvs,  it  eonsitited  of  about  1*7  per  cent,  of 
peroxide  to  3  of  acid.  In  nineteen  days,  the  hydrochloric  acid 
was  reduced  to  1.5  per  ceut.  The  solution  was  then  transferred 
to  a  vial,  in  which  it  remained  fluid  for  twenty  days,  and  then 
jellied  ftpontaneouely. 

Water  containing  one  imr  cent,  of  this  sultstanee  has  the 
dark  red  color  of  venous  hlood.  When  sufliciently  concentrated 
by  boiling,  u  coaguluiu  lurniH  spontaneouHly.  which  closely  re- 
ecnihlct)  a  clot  of  bbmd,  though  more  trant^pareiit.  In  its  fluid 
state,  soluble  peroxide  of  iron  is  the  most  useful  and  agreeable 
form  in  which  this  metal  can  he  administered. 

2(\.  In  the  detection  of  poisona  tbo  process  of  dialysis  is  a 
niocit  valuable  adjunct,  by  which  cryt^talline  poisons  mav  be 
separated  from  the  organic  material  with  whirh  they  are  mixed. 
]Jciiig  thntwn  on  tlie  dialyzer, and  submiltcd  to  its  action  for  a 
couple  of  dayti,  the  separHtion  \»  alinoHt  complete.  Oti  evapo- 
rating a  portion  of  the  exterior  lii[uid,  and  ailowit)g  it  to  crys- 
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tallize  over  sulf^huric  acid,  if  necessary,  we  irifly  often  Hnm 
at  once  the  presence  of  noxioiie  amenta,  which  present  cknw- 
teriatic  forms  of  crystala.  To  the  eoncontnited  (liffiisatt  ihe 
ordinary  procescws  of  qualitaiive  and  (juautituttvc  analyftia  ciii 
be  applied,  and  ita  character  determined. 

3d.  In  the  examination  of  urine,  dial^vaia  has  been  applicJfir 
t)iti  separation  of  ihe  crystulluid  constituentg,  and  urea  has  in 
this  vray  hecn  olitaincd  in  no  pure  ft  condittou  as  to  ylvid  iti^ 
characteristic  crystalline  form. 

dSO.  Oimosis  or  Diffovion  of  GaBei  ThroQgh  Poroat  Media.— Thai 

outward  and  inwurd  niovumcnta  of  gases  throueh  porous  barrlm  ^ 

may  he  demonstratei)  by  the  arranpcnicnt  in  Fig.  141.    It  wn- 

sisti  of  the  porous  earthenware  cell  of  a  Grow 

FiQ.  U\.         battery,  A,  to  the  month  of  which  a  ^lasa  tulie,B. 

hna  been  nttotihed  air  ti^ht.     The  lower  end  ol 

the  tube  dips  under  the  surface  of  water  in  the 

vase  C. 

At  first  the  level  of  Itouid  in  the  tube  B  and 
vessel  (Ms  the  same,  und  both  are  Hllutl  with  air. 
Enclose  the  porous  jar  A  in  a  bottle,  I),  tilled 
with  hydrugen  ;  that  tras  instantly  tia-sbos  throujih 
the  pores  of  the  battery  cop,  and  mingles  with 
the  air  therein,  accumnlatinj;  to  so  great  an  extent 
in  the  inturiorthat  it  rushes  out  in  bubbles  through 
the  water.  When  the  escape  of  hnbhles  bnsnearlv 
ceased,  remove  the  bottle  T>,  and  expose  A  to  the 
air.  Instantly  a  nioveniciit  in  the  (M'pottite  direC' 
tion  takes  place,  the  water  rises  rapidly  hi  the  tube, 


and  almost  readies  the  porous  jar  in  spita  of  t 
downward  action  of  jfravitv. 


DIAlBiOD  of  mwa 

lbn>i]j(''  twirl  nrx 


Here,  we  bavu  endos-  and  exosmosis  exbiliited 
a  reniarkahle  manner,  and  far  more  onerjrciically 
anil  jirnmptly  than  in  the  case  of  liquids.  This,  a 
little  retlection  would  havi;  led  u«  to  expect,  con- 
sidering the  greater  mobility  of  ^aseons  mulecnles, 
which,  we  have  already  seen,  exerts  so  great  an  influence  on  the 
phenoruena  of  simple  ditl'usion. 

The  details  of  tho  action  are'  as  follows.  At  the  he^innin^^, 
the  interior  and  porea  of  the  vessel  A  are  filled  with  air,  into 
this  the  hydrogen  diffuses,  and  since  its  diffusion  power  is  much 
greater  than  that  of  air  there  is  rapid  accumulation  in  the  in- 
terior of  A.  This  movement  continues  until  the  relative  pro- 
portions of  liyiiroi^en  and  air  in  the  inside  of  A,  and  in  the 
bottle  I)  on  the  outside  are  the  same.  Ft  then  ceases.  On  un- 
covering A,  and  ex|iosinif  it  to  the  air,  the  conditions  are 
reversed.     Inside  of  A  there  is  a  mixture  of  gases,  the  chief 


Bcongtilucnt  of  whicli  is  liydrogen.     Oii  tlie  outtiidt  there  is  air. 

^0*0  this  the  lndro|ren  insmmly  ilifluBc-B.    In  Us  outwHnl  paasago 

^B  imtiial  racuuin  is  formed,  and  to  till  this  tbo  water  ne««  in  the 

^KQiie,  I'nrced  up  hj  atmnephcric  prc^^iire. 

■  III  the  example  of  osmosis  we  have  here  examined,  a  special 
iHiiiit  of  iiitereat  is  the  uec  of  an  inurgaiiic  sc'ptuni,  showing 
that  the  ptiennniena  of  osnioHiB  arc  not  conKued  to  (trguiiiu 
media.  In  pliite  of  the  |iorou.s  jar  wo  mi^hl  have  iiRed  a  sc-ptum 
pf  India  robber  or  bladder,  but  the  results  wuutd  not  have  been 

■•8  striking. 

Auotbcr  matter  of  interest  is  the  fact  that  the  movement  is 
more  rapid  than  when  gnsca  are  freely  exposed  to  uaeli  other, 
|li«  in  simple  diflusion  {.M3).     Tliis  is  to  be  iHtributed  to  the  cou- 
[denising  action  whieh  all  surfaces  and  pores  exert  upon  ulasilio 
luids. 


351.  Hyg^ienic  Importance  of  OsmoBis  of  Oases.— Tlie  osmotic 
iTiinvenient  of  gases  Through  inorganic  bodies  is  n  matter  of  con- 
eiderable  importance  from  u  hygienic  point  of  view.  As  wc  havo 
[•eeu  liydrogen  flush  instantly  tliroiigli  the  porous  vessel  A,  so 
fwill  it  pass  through  one  or  many  thicknesses  of  brick,  or  through 
[the  ]tlustor  of  which  walls  are  formed.  A  person  may  evcti  blow 
through  a  Uriclc.  Gaseous  or  vaporouR  emanations  in  one  apart- 
ment of  a  building  Ihus  tind  their  way  into  other  ruunis.  The 
effluvia  arising  from  leakage  in  a  walcr-closet  iu  one  location, 
freely  pentftrales  to  idl  parts  of  u  house. 

To  a  eurlaiii  extent,  free  passage  of  giises  through  plaster, 

hrick,  and  similar  barriers,  may  be  prevented  by  coiiting  them 

with  several  thicknesses  of  paint.     As  regards  Huora,  the  use  of 

H  (ilea  and  slalw  of  marble  is  for  this  reason  to  bo  preferred   to 

I  that  of  wood,  unless  the  latter  is  of  the   pitch  i)ine  variety. 

Movable  rugs  are  superior  to  carpuls,  since  they  secure  better 

Iopportuniliea  for  cleanliness.  ' 
In  like  raaiiner,  hydraulic  cement  8preu<l  on  the  cellar  floor 
of  a  house  built  on  made  ground  is  u  very  imuerfeet  |<roiection 
against  the  pafisage  of  noxious  eases  evolved  Innn  the  earth. 
It  d(>ea  not  keep  moisture  out;  it  would  be  grciilly  imiiro'"etl 
if  siLlurated  with  l>itumen.  which  >dionld  be  up|)lied  hot  and 
prcMod  with  heavy  hot  rollers,  as  in  laying  bitumeij  pavements. 
The  hygienic  benetits  arising  from  elee|>ing  in  a  lent  during 
ft  cumping-out  excursion  are  largely  to  be  attributed  to  purity 
of  the  air  which  results  from  free  gaseous  osmosis  through  the 
cimvaa  of  the  tent.  On  well-drained  grounti,  with  a  clotto 
boarded  floor  covered  with  rugs,  and  double  canvas  overhead, 
ft  tentoficrs  in  fair  weather  better  hygienic  conditions  than  can 
be  attained  in  most  houacs. 
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352.  Onaosit  of  Oaset  Through  Ketali. — ^Tn  iron  or  steel  cylia- 
ders,  hydrogen  may  be  compressed  under  a  pressure  of  50  or 
more  atmospheres,  and  preserved  therein  without  sensible  loes 
for  an  indefinite  lapse  of  time.  This  statement  is  peri't'ctly  true 
while  the  temperature  is  that  which  we  ordinarily  find  existing 
in  air;  but  if  this  condition  be  changed,  and  tHe  temperature 
raised  to  a  red  heat,  iron  can  no  longer  retain  gas,  not  even  »t 
ordinary  pressures.  With  elevation  of  temperature  its  prop- 
erties in  this  respect  are  so  altered  that  it  permits  tlie  diffusion 
of  hydrogen  with  a  facility  rivalling  that  of  the  porous  battery 
jar  employed  in  the  experiment  (350). 

Not  only  iron,  but  platinum  and  other  metals,  permit  the 
osmosis  of  gases  at  high  temperatures  even  more  readily  than 
India-rubber  does  at  the  ordinary  temperature  of  air.     Graham 
found,  for  example,  that  a  square  metre  of  caoutchouc  0.014 
millimetre  thick  would  permit  the  passage  of  129  cubic  centi- 
metres of  hydrogen  at  20°  C.     A  platinum  tube  1.1  millimetre 
in  thickness  and  the  same  extent  oT  surface,  during  the  same 
time  permitted  the  exosmosis  of  489  cubic  centimetres  of  that 
gas. 

353.  Vitiation  of  Air  by  Stoves. — At  first  glance  the  principle 
discussed  in  the  preceding  article  would  appear  to  be  of  little 
practical  value  to  physicians.  Not  so,  however,  when  we 
examine  it  in  all  its  bearings. 

The  economic  solution  of  the  problem  of  warming,  in  the 
United  States,  consists  in  the  almost  universal  use  of  stoves  or 
hot-air  furnaces,  in  which  the  burning  mass  is  in  direct  contact 
witli  a  vessel  of  iron;  under  these  conditions  the  iron  becomes 
red  hot,  and  in  that  state  is  permeable  to  gases. 

Among  the  products  of  combustion  in  a  stove  or  furnace  there 
arc  two  gases  wiiich  exert  a  higlily  noxious  action  upon  the 
human  economy;  these  are  carbon  monoxide  or  carbonic  oxide, 
and  carbon  dioxide  or  carbonic  acid  gas.  Both  puss  freely 
tlirough  red-hot  iron,  and  may  be  readily  found  by  collecting 
the  layer  of  air  immediately  in  contact  with  the  exterior  sur- 
face of  the  red-hot  iron,  and  submitting  it  to  chemical  analysis. 

Ortinosis  of  tlieso  gases  may  be  prevented  by  lining  the  in- 
terior of  the  combustion  chamber  with  soapstone  or  fire-brick. 
These  are  very  jiemienble  to  gases,  but  by  their  use  iron  does 
not  have  its  temperature  raised  high  enough  to  allow  them  to 
pass;  their  escape  is,  therefore,  prevented. 

The  use  of  such  a  lining  involves  considerable  loss  of  heat. 
This,  however,  can  be  counteracted  by  increasing  the  surface  of 
pipes  or  tubes  tlirongh  which  the  products  of  combustion  pass. 
Various  devices  in  the  form  of  drums  have  been  applied  to  the 
accomplishment  of  this  purpose. 
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8M.  CftpiUarity  and  Chemlsm.— In  (345)  wc  haro  seen  that  hy 
means  of  plivsicnl  agiiuk-.'*  a  contiiiuoua  How  iniiv  be  OBtablUhuu 
in  capillary  t-liaritu'ls.  iSiipjioso  tliiit  in  addition  to  physical 
jihi-nonivnu  wy  also  hnve  to  deal  with  changes  in  cheniical 
affinity  or  chcmiem  tinder  conditions  like  those  which  follow: 
What  will  the  result  be? 

Let  A  V,  Fig.  142,  represent  a  capillary  vessel,  and  CTant 
that  A  lif^inid  having  an  atlinitv  for  its  wiiIIb  entcra  at  A.  iirawn 
in  hy  capillarity.     Under  oniinary  conditions,  the  liquid  would 

Fia.  U2. 


UuUob  III  ■  MpUlafj  Into. 


■hnply  nsBB  into  the  lube,  hut  a  conlinuoiis  flonr  wonld  not 
be  ettaviisbed.  if  a*  the  liquid  passed  towards  V  \t9  affinity 
for  ihe  capillary  walls  was  gradually  lost,  it  is  evident  that  con- 
ditionn  favoraMe  to  an  unbroken  now  would  then  exl.tt.  The 
inert  liquid  would  be  pressed  out  by  the  onward  movement  of 
Ihv  afiivu  fluid  enterini;  behinil  ii.  Loss  of  afliiiity  would  bu 
ctiiiivalent  to  a  removal  of  the  liquid  as  fast  as  it  rearhed  a 
certain  position  mid  movement  would  result.  Suppose  A  to 
ropreacnt  arterial  blood  and  V  venous,  moving  in  a  capillary^ 
and  tht;  bearing  of  the  proposition  is  evident. 

Tn  the  preparation  of  the  nrtieles  thus  far  forming  this  Scctiott, 

'  we  liRvc  been  conijrelled  to  resort  to  considerable  condcntiatioti. 

Those  who  desire  n  more  extended  acquaintance  with  Ihe  aubject 

will  tiiid  it  fully  discussed  in  Graham  s  "Chemical  and  PhvKical 

Kcsearehes,"  and  alec  in  Wall's  "Dictionary  of  Chendstpy," 
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;  Aiccntif  uii  In  mt» — Abtorption  in  inimiib — Harvev'a  tnecIiRfiioal  ibearjr  of 
clRrulnUiin — Intufflclrncy  of  tlmplc  mKhnniMl  tbrory  of  circnlottun — 
Dnii*r'ii  p1i;-»lc(M.-hntnla»l  theory  of  drculatinD— Thft  ^hyaics  uf  rcainration. 

305.  Asoeat  of  Sap  in  Trees.— 'Compared  with  circulation  in 
animals  that  in  piantA  is  the  more  remarkable,  aince  it  is  aecom- 
plished  by  osniotic  action  aloue,  without  the  agency  of  a  heart 
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or  other  meeliatiical  piitnpiiig  organ.  In  tlie  Sequoia  Welling- 
tonift  of  tlie  Sierra  Xwaila,  the  sap  rises  to  a  lioi^Jit  of  foar 
hundred  and  liftv  feet  above  the  ground.  A  giant  Kucalvpins, 
tneaaured  by  O.  Ivlcin,  on  the  liliick  Spur  ten  luUes  from  iltalt* 
ville,  in  Australia,  reauhee  the  height  of  four  bandr«d  and  eight; 
feet,  yet  ita  topmost  leaven  are  frcel}'  supplied  with  the  fiuv 
uecessary  for  their  nourishment. 

To  coniprehenti  the  manner  in  wliieh  (his  Burprlsing  result  i* 
attained,  it  is  neccstiary  to  examine  hrietly  the  strncturt  of  the 
parts  by  which  it  is  accomplished.  In  exogenous  plants,  ue: 
those  having  a  true  hurk,  the  circulatory  procesa  Is  almost  CD* 
tirely  confined  to  the  new  wood  or  outermost  layer  of  wowl, 
called  Bttpwood  or  allmrnuni,  and  to  the  inner  layer  of  l*ark, 
called  the  liber.  At  their  junction  these  constitute  the  «o-calleii 
cambium  layer,  which  consisls  of  young  and  forming  cells,  of 
which  the  inuermogt  arc  being  continually  adiU>d  to  the  wuud^, 
and  the  ontermost  to  the  hark.  It  in  in  t' 
Pen.  343.  wood  cclls  that  ascent  of  sap  usually  tok 

place. 

In  liis  "LewouB  in  Botany,"  Trof.  Gray  gives 
the  following  description  of  the  wood  cell*  or 
fibres.  "These  are  small  tnbes,  commonly  be- 
tween one  and  two  thousandths,  but  in  pine- 
wood  aomotlmes  two  or  three  liundrcdihn  of  an 
inch  in  diameter.  Those  from  the  tough  bwrk 
of  the  tia»»wood  are  only  the  iit'lccnth  hun- 
dredth of  HU  inch  wide.  ThoirC  of  hultonwood 
lire  larger.  Fig.  143  also  shows  the  way  wood 
cells  are  commonly  put  together,  namely,  with 
their  tJiporing  entls  overhi|»ping  each  other — 
spliced  together,  as  it  were — thut)  giving  more 
strength  and  toughness  to  the  stent. 

"Wood  cells,  like  other  celU  (at  least  when 
young  and  living),  have  no  opciiin<^;  each  bus 
Its  own  cavity,  cliiscd  and  indepen(]cnt.  They 
do  not  form  auything  tike  a  tHit  of  pipes  open- 
ing one  into  an<iiher,  thus  conveying  an  un- 
broken stream  of  fsni)  through  the  nliinl,  in  the 
way  people  gencrully  supjiose.  'I  ho  conteiila 
can  pass  from  one  cell  to  another  only  by  getting 
wocdptito.  through  the  partition  in  sume  way.     So  short 

are  individual  wood  cella  generally,  that  to  rise 
a  foot  in  a  tree  like  the  haaswood,  the  sap  must  pass  through 
about  two  thousund  puctilifm?. 

"  But  although  there  are  no  hnlca  (except  by  breaking  away 
when  old),  there  are  plenty  of  thin  places  which  louk  like  per- 
forations, und  through  these  the  sap  is  readily  transferred  fro: 
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one  eell  to  another.  Some  of  ihcse  arc  exhibited  in  Fie.  143, 
wLere  A  and  B,  looked  diroctl}-  down  upou,  appear  aa  dotB  or 
boles,  'while  in  profile  the  cellti  Kcem  as  though  they  were  cut 
throujich.  The  latter  view  shows  what  they  rtally  are,  namely, 
[Tery  thin  places  iu  the  thickness  of  the  wall.  A  thin  place  m 
one  cell  exactly  corresponds  to  one  in  the  contiguouti  wall  of 
tlie  next  cell." 

I  Faasing  from  the  stem  to  the  root  the  structure  may  he  re- 
'gsrded  as  beiiig  the  same  until  tlio  root  tips  are  reached.  These, 
according  to  Pnif.  Gray,  "arc  entirely  composed  of  soft,  new. 
and  very  thin-wallcd  cellular  tissue ;  it  is  only  further  Ixick  that 
some  wood  celle  and  duct«  are  found.  The  moisture  (and  nrob- 
aklvalso  air)  orusenttid  lo  tlieni  iBab^orhud  through  the  delicate 
wafl.^,  which,  like  those  of  the  cells  in  the  interior,  are  destitute 
»f  openings  or  sonaible  pores." 

Exteriorly,  in  the  air,  plantj;  terminate  in  leaves;  "  these  con- 

nst  of  both  a  woody  and  a  cellular  part.     The  woody  part  is 

the    framework   of   ribs   and   veins;    they   serve   uot   only   to 

strengthen  the  leaf,  hut  also  to  carry  in  the  ascending'  sap,  and 

distribute  it  by  veiiilets  throughout  every  fmrt.     The  cellular 

{•art  is  the  green  pulp  and  is  nearly  the  same  as  the  ereeu  layer 

of  the  bark,  so  that  a  leaf  may  be  properly  enough  regarded 

BB  an  expansion  of  the  fibrous  and  green  layers  of  the  bark. 

In  most  leaves  the  green  pulp  foniis  two  principal  layers:  an 

upper  one  facing  the  sky,  and  an  under  one  facing  the  gi-ound. 

I      The  upper  side  is  constructed  to  bear  the  sunshmo,  and  if  the 

Kleaf  is  turned  it  twists  itjtelf  to  enable  the  proper  side  to  receive 

■the  liKht.^^ 

H  *'Thc  moisture  exhaled  from  the  leaf  escapes  chiefly  from  the 
I  tinder  surface,  by  the  stomata  or  breathing  pores.  Ot^  these  few 
.  or  none  are  on  the  upper  side.  They  are  said  to  vary  from  1000 
Klo  170,000  to  the  square  inch." 

V    From  tliis  it  is  evident  that  "plant«  have  no  general  circula- 
tion (like  that  of  animals,  except  the  lowest)  through  a  svstem 
of  veMels  opening  into  each  other;   but  iu  them  each  living 
oail  carries  on  a  circulation  of  ita  own,  at  least  when  young 
and  active.     This  may  be  beautifully  s<'en  in  the   transparent 
stems  of  chara  and  many  other  water  plants,  and  in  the  leaves 
of  the  fresh  water  tupe^grass  (Valtistieria),  under  a  good  micro- 
scope.     Hero  the  sap  circulates,  often   quite  briskly  in   ap- 
pearance (but  the  motion  is  magnified  as  well  as  the  object^, 
m  a  steady  stream,  just  beneath  the  wall,  around  each  cell, 
I     passing  up  one  side,  across  the  end,  down  the  otjier,  and  so 
Kround  to  complete  the  circuit,  carrying  with  it  small  jiartidee  or 
Vtlie  larger  green  grains  wliich  make  the  current  more  visible. 
The  movement  belongs  to  the  protoplasm   or  jelly-like   matter 
r  the  cell  wall :  as  thin  substance  has  the  same  composition 

20 
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u  the  6et;h  of  auimals^  it  Is  not  so  strange  that  it  sfaoald  exhibit 
aniniiil-like  chHraeters. 

"  jVJ  though  contained  in  cells  with  closed  walU,  nerertlielw 
the  tluida  tuken  in  by  the  roots  arc  oirriod  up  through  the  st«ni 
to  the  leaves  of  the  topmost  bough  of  the  tallest  tree.  Wlitl 
makes  it  ascend  to  the  leaves? 

"To  anwtr  this  question,  we  must  look  to  the  loAvea  and  cm* 
■ider  what  is  going  on  there.  For  (however  it  may  be  in  the 
spring  bbfore  the  leaves  are'out),  in  a  lealy  plant  or  tree  thf  3«p 
is  not  forced  up  from  below,  but  is  drawn  np  from  above.  Water 
largely  evaporates  from  the  leaves;  it  flics  off  into  the  air  at 
vapor,  leaving  behind  nil  earthy  and  organic  matters — ih«e 
not  being  volatile^tlie  sap  in  the  ce^ls  of  the  leaf  becom«a 
denser,  and  draws  upon  the  more  water}*  contents  of  the  cells  of 
the  stalk,  these  upon  ttiose  of  the  stem  below,  and  so  on  from 
cell  to  cell  down  to  the  root,  causing  a  flow  from  the  roots  to 
the  IciLves  which  begins  in  the  latter,  just  as  a  wind  begins  in 
the  direction  towards  which  It  blows"  [t>62). 

The  process  of  absorption  and  circulation  we  have  here  de- 
scribed, though  simple  in  its  nature  an<l  firee  from  any  complica- 
tion of  mu&eulai-  action,  like  that  existing  in  the  systems  of 
animals,  is  nevortheleas  wonderfully  energetic.  No  animal  oftew 
the  resistance  to  the  elevation  of  fluid  that  plants  present,  yet 
the  movement  of  their  Buids  is  not  more  regular  than  that  found 
in  the  loftiiest  plants.  In  such  plants  the  principles  of  osmosis 
as  presented  by  the  root-tips,  and  actions  of  chemism  in  the 
leaves,  suttiee  to  carry  on  the  dithcult  circulation.  Surely  the 
action  of  such  potent  tbrccs  should  not  be  o\*erlooked  in  investi- 
gating tliesQ  pheuomeua  In  animals. 

366.  AbaorptLoa  m  Animals  is  three-fold  in  its  nature,  let,  by 
veins  or  l>b)iiiivvssi.'lH:  2<i,  by  lyniphatiea;  M,  by  the  villi  on  the 
intestinal  wflUs  wliich  deliver  the  fluid  material  or  chyle  into 
the  lacteuls.  For  the  diflerenccH  in  character  of  the  material 
abanrbod  in  these  three  casei;,  we  nmst  refer  to  works  on  ph^'si- 
ology.  The  point  we  desire  to  emphasize  in  connection  there- 
witTi  is  this: 

Whether  the  absorption  by  root^tip,  bloodvessel,  lymphatic, 
or  viUus,  be  osmotic  or  diftlytic,  it  matters  but  little ;  so  long  as 
there  are  no  chemical  changes  in  medium  or  fluid  both  actions 
are  molecular  movement.'*,  the  only  difference  being  that  in 
the  one,  movement  occurs  through  sensible  pores,  and  in  the 
other,  through  physical  pores  or  intermolecular  spaces.  The 
actions  we  witness  in  a  capillary  tube  of  sufficient  diameter  may 
be  regarded  as  merely  visible  molar  representations  of  what  is 
taking  place  on  the  invisible  molecular  scale,  both  in  osmofiis 
through  membranes  and  in  dialysis.     To  so  great  an  extent  is 
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lis  true  that  many  group  all  these  phenomena  together,  and 
tk  of  then^  na  pbeiiomena  ot'  capillarUy,  including  both 
[vUiblo  or  ficnsitile  and  pfayttieal  or  molecular  interHticca  under 
le  term  capillary. 

3A7.  H&rrer'B  Mechanical  Theory  of  the  Circulation. — Tliis 
expluDutiuu  ot'  tilt!  circutatioi)  of  tlie  blood  was  introduced  bv 
Dr.  liarvey,  more  thaii  two  liundred  and  fitly  years  ago.  It  ib 
based  upon  the  exinitence,  actions,  and  relations  of  the  valves  of 
the  heart  and  veins.  It  conceives  that  the  pbeuomena  are 
purely  mechanical,  the  heart  driving  the  blood  through  the 
arteries  to  the  capillaries  iuto  the  veins,  and  so  hack  through 
the  veioa  to  the  hcai't. 

By  this  theory  the  hr-art  is  supposed  to  act  atlcr  the  fashion  of 
a  simple  force-pump,  the  only  other  force  brought  iuto  play 
being  the  muscular  and  elastic  coatti  of  the  vessels. 

To  account  for  the  peculiarities  in  the  capillary  circulation, 
tlio  action  of  nerves  upon  the  muscular  walls  ot  the  minute 
arteries  ia  admitted  by  modern  physiologists,  but  further  than 
tbie  tlie  mtyority  have  been  unwilling  to  go,  and  yet  with  this 
addition  Harvey's  explanation  is  by  no  means  satisfaclory  when 
tsuhniitted  to  a  careful  and  critical  examination.  It  is  good  as 
far  Be  it  goes,  but  it  douu  not  meet  all  the  uircutUHtances  even  of 
the  simplest  condition  of  the  case. 

398.  I&snfflciency  of  the  Simple  Heohaiucal  Theory  of  Circola- 
tion. — lat.  The  phenomena  of  iranspiration  (338,  4th)  show 
that  eont(iderable  force  is  required  to  drive  the  blood  tlirough 
such  narrow  channols  as  the  capillaries,  unlcsa  these  vessels 
themselves  assist  tbe  movement.  In  attempting  to  make  minute 
injections  afler  death,  and  when  all  tracer  of  rigor  mortis  have 
passed  away,  the  anatomist  finds  it  very  difficult  to  avoid  rupture 
of  the  capillaries.  The  increase  in  resistance  of  minute  vessels 
to  the  establishment  of  tiow  under  pressure,  is  as  the  fourth 
power  of  tbeir  diatneturs.  The  significance  of  this  is  not  recog- 
nized until  a  calculation  is  mode  for  a  given  case. 

2d.  In  plants  the  circulation  is  more  extraordinary  than  in 
animals,  yet  thev  have  no  heart  nor  any  substitute  therefor. 
Neither  do  they  have  a  nervous  system  to  regulate  cuntructionB 
of  the  ^vallft  of  their  vessels.  Osmosis  in  their  cells  and  rootlets, 
and  cheniism  in  their  leaves,  sufhcu  to  overcome  resistaticei^ 
I  amounting  sometimes  to  more  than  fif^n  atmospheres  of 
pressure. 

8d.  In  tbe  lower  types  of  animal  creation  there  is  often  an 
i-nergelic  circulation  without  a  heart.  Even  in  insects,  the 
highest  of  invertebrates,  a  dorsal  vessel,  us  it  is  called,  which 
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has  but  the  feeblest  muscular  power,  \s  frequently  all  the  apology 
that  can  be  fouud  for  a  lieart. 

4tJi.  The  InwoBt  of  vertebrates,  the  lancclel  or  ainphioxus, 
doe«  not  possess  a  heart.  The  only  substitute  for  it  is  a  large 
bloodvessel  resembling  tbe  dorsal  vessel  of  invertebrates. 

5th.  Id  fiHhes  there  is  no  systemic  heart.  Slugsisb  as  their 
circulation  is,  it  is  hardly  possible  to  imagine  that  uieir  pulmo- 
uury  heart  drives  the  blood  throu^fh  both  pulmonic  and  systeraic 
enptllarie^  against  all  the  obstacles  that  two  sets  of  transptrt- 
tioii  resistaiiees  offer. 

6lh.  Kven  after  the  heart  is  exsccted,  circulation  in  said  to 
coatinue  in  the  capillaries  for  a  brief  period  of  time. 

7tb.  In  iiisUuices  where  twin  monsters  have  gone  well  on 
to  fiill  period,  and  one  happens  to  be  aciirdiac,  yet  otherwise 
well  develoiwd,  there  has  been  circulation  without  n  heart, 

8tb.  In  the  liuinun  adult  the  portal  circulation  is  without  a 
heart,  yet  during  absorption  of  digested  food  into  the  geueral 
circulation  it  returns  more  fluid  than  it  recciveH. 

9th.  In  the  kidney  there  is  also  a  minute  portal  circulation 
between  the  vessels  of  the  convoluted  tubes  and  the  Malpigbian 
tui>s.     This  has  no  ]trope!Iirig  vessel  like  a  heart,  attached  to  iL 

10th.  The  flow  in  capillary  vessels  is  often  continuous  and 
free  from  pulsation,  sometimes  it  undereoes  rctro^resBion,  pass- 
ing backwards  from  arteries  to  veins,  "tliis  is  against  the  action 
of  the  heart. 

11th.  After  death  the  arteries  are  practically  empty.  It  is 
very  difficult  to  conceive  that  the  heart  alone  could  produce  any 
sueli  results  as  tliis.  If  we  admit  that  the  capillaries  have 
any  action  in  carrying  on  the  circulation,  the  explanation  is  then 
a  very  simple  matter. 

3S9,  Draper's  Physieo-ehemieal  Theory  of  Circulation. — To  over- 
come the  incompetency  of  the  simple  mechanical  hypothesis  to 
meet  tliese  objections,  a  theory  based  on  molecular  forces  and 
chemism  was  advanced  by  my  father.  Prof.  J.  W.  Draper,  in  bis 
"Human  Phvsiology,"  published  in  IS/iS.  In  this,  the  function 
of  the  heart,  in  filling  trie  great  and  small  arteries  is  fultv  ad- 
mitted, but  it  is  confined  to  that  duty.  The  chief  seat  of  the 
circulatory  force  is  located  in  the  systemic,  pulmonic,  and  other 
capillaries,  .lust  as  in  plants,  it  originates  in  the  changes  taking 
place  in  tbe  leaves. 

In  tlie  systemic  vessels  tliere  is  a  fluid  containing  cells  charged 
with  oxygen,  and  losing  it  to  the  surrounding  ]>art8,  the  condi- 
tions  explained  in  (8.^4)  exist.  Circulation  of  the  eotit^ued 
fluid,  he  maintains,  must,  therefore,  of  necessity  take  place. 

In  tlie  pulmonic  circulation,  the  conditious  are  merely  changed 
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or  reversed;   the  prime  cause  in  that  caee   is  affiaity  of  the 
oxygen  t»l'  the  air  cells  iinr  the  hn?nio*flobin  of  the  tiieca. 

no  also  in  ihc  portal  and  renal  donblo  capillary  circulations, 
the  explanation  is  tbuud  in  the  chemical  relations  existing  be- 
tween the  blood  and  the  cells  of  the  urgan  through  which  it  is 
flowing. 

It  iw  interesting  to  note  liow  those  who  will  not  admit  this 
simple  and  all  sufKcicnt  theory,  so  consonant  with  modern  id^as, 
become  involved  in  eelf-contnidictionB  and  ohscurity.  Take, 
for  example,  "Flint's  Physiology,"  on  page  294  of  the  volume 
on  circulation,  he  says:  "It  is  unpliitoi*ophical  to  invoke  tlie  aid 
of  current*!  produced  in  capillary  tubes  in  which  liiiiiiiia  of  dif- 
ferent clianiL-ters  am  lirought  in  contact,  or  a  'capillary  power' 
dependent  upon  a  vital  nutritive  attraction  between  the  tissues 
and  the  blood." 

On  page  'ilO,  he  is  compelled  by  the  facts  to  uphold  the  very 
doctrine  to  which  he  objects  ou  page  294,  for  he  says:  "The 
distention  of  the  heart  in  asphyxia  is,  therefore,  due  to  the  fact 
that  the  unai-mUd  bhod  cannot  circuitUe  in  the  systemic  capiUariei," 
Why?  Evidently  beoanao  it  haa  lost  its  normal  afllnity  for  the 
vessels  and  tissues,  and,  therefore,  cannot  move,  since  it  now 
fallH  under  the  intluence  of  the  lawH  of  IranHpiratiori. 

So  also  in  **  Foster's  Pbysioloffv,"  page  172,  when  speaking 
of  the  stasis  preceding  inflammation,  he  says:  "It  must,  there- 
fore, be  due  to  some  new  and  unusual  rosistance  occurring  in 
the  eapillary  area  itself.  The  increase  of  resistance  is  not  caused 
by  any  change  confined  to  the  corpuscles  theniiiielves,  for  if  afler 
a  temporary  tlclay  one  sot  has  managed  to  pos^  away  from  the 
inflamed  area,  the  next  set  is  subjected  to  the  sMinie  delay.  The 
eauf*  of  the  resistance  miisi,  tliorcfore,  lie  in  the  capillary  walls, 
or  in  the  tissues  surnmnding  them,  or,  to  speak  more  correctly, 
it  dfpends  on  a  distitrhance  of  the  relations  which  in  a  heaithy  urea 
Bulisisi  between  the  blood  in  the  capiWiries,  on  the  one  hand,  and  ifte 
atpillary  walls  with  the  tissiws  of  which  thetf  are  a  part,  en  the  other." 

While  treating  of  tlie  causes  of  circulation,  no  active  part  ia 
apsigned  by  Foster  to  the  capillarica,  beside  that  of  being  mere 
chunnels.  When  endeavoring  to  explain  phenomena  of  inflam- 
mation, disturbance  in  the  relations  of  ihe  bloud  to  the  walls 
of  the  vrRjtcIs  is  allowed,  being  unavoidable.  Clearly  the  dia- 
turbuncc  here  admitted,  acknowledges  preexisting  local  con- 
ditions, which  carried  on  the  circulation,  hut  have  been  inter- 
fered with  and  placeil  in  abeyance. 

Vcritication  of  Pnif.  DrniKjr's  explanation  of  the  circulation 
of  the  blood  ia  to  be  founa  in  the  unavoidable  admissions  of 
tho6e  who  oppose  it.  What  better  proof  of  its  truth  could  be 
demiuided? 
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360.  The  Physics  of  EespiratioiL — In  (188)  the  mechanical  por- 
tion of  the  respiratory  act  bae  been  deacribed.  By  it  ^r  U 
introduced  as  far  as  the  smaller  bronchi,  just  as  in  the  circula- 
tion of  the  blood  the  mechanical  force  suffices  to  deliver  blood 
to  the  capillary  bloodvessels.  At  this  point  in  both- systeraB,  the 
actions  become  physical,  and  belong  to  the  province  of  molecular 
forces  and  motions. 

Even  in  bronchi  of  moderate  size,  the  principle  of  simple 
diffusion  of  gases  (343)  is  resorted  to,  and  an  exchange  accom- 
plished between  the  oxygen  of  the  atmosphere  and  the  impure 
gas  of  the  air  cells.  For  the  interchange  of  the  gas  of  the  cells 
with  the  carbonic  acid  gaa  in  the  blood,  the  principles  of  diffu- 
sion through  barriers  and  of  solution  in  fluid  are  orougbt  iato 
play.  The  union  of  oxygen  with  the  haemoglobin  of  the  discs, 
we  may  regard  as  an  action  of  chemism. 

Returning  to  the  lungs,  the  changes  which  take  place  consist 
in  the  elimination  of  carbonic  acid  gas,  vapor  of  water,  and 
other  bodies.  The  stages  here  are  the  same  as  for  the  introdac- 
tiou  of  oxygen,  but  occur  in  reverse  order.  For  a  detailed  de- 
scription of  these  the  student  is  referred  to  any  modern  text- 
book on  physiology.  Our  purpose  has  been  simply  to  show  the 
direction  in  which  the  principles  we  have  been  studying  are 
applied,  and  the  necessity  for  some  knowledge  on  the  part  of 
physicians  regarding  them. 
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VIBBATIONS  AND   0NI»UI,AT10N.S. 

[Wllnititni  nnd  province  of  anmiUct — Vibntium  dt^uriboi] — RvUttucu  of  vibn- 
Uotu  And  utiilulalSonfi— Trniiiveno  vibrstioiie — Liiugitudinal  ribralinn^-^ 
(.'trcuUr  or  elliptical  TibrsUon — U&dulutioru  nnd  thnr  gmphlfi  rcpKtentAtioD 
— (Tiidiiiiitioni  iu  *pac»— Undulftlionk  In  tubw— Reflection  of  wavei — Ial«r- 
frrenco  «f  wRve*. 

361.  Sefi&itioa  and  Province  of  Acoostioi. — The  term  is  derirod 
irtini  a  Grrck  word  t^ifriiit'yiiiL^  to  Imnr;  it  ineludos  tho  study  of 
Bouuds  in  all  forms  in  whioh  thoj*  are  ftpprcciable  by  the  ear, 
and  of  vibrations  in  ula»tie  badios  l>j  vvhioh  sound  is  produced. 

Music  treats  of  sound  in  relation  to  tbe  pleasure  it  aftbrds. 
Acoustics  dealH  witb  tho  manner  of  production,  propagation, 
pert'eption,  nnd  c-ompiirison  of  sounds. 

All  sounds  orii^inate  in  impul^i!,  or  in  vibrations  of  the  pur- 
ticleH  of  tila«(ic  liodit-ii.  wbiub  generally  reach  the  ear  through 
tliu  nie'liuin  of  ntidulations  in  the  uir.  Wc  ^hidl.  Therefore,  in 
the  lirst  place  iu()uiro  into  the  chnractcra  and  varieties  of  vibra* 
tions  aiiu  undulations. 

362.  Vibrations  Deicribed. — Vibrntioii}*  may  be  detined  as  rapid 
niovomcnts  of  oscillation,  aimilur  in  many  respects  to  the  niovo- 
mont  of  II  pcndiilutn  (305). 

It  may  l>c  illustrated  by  the  ari-angemont  Fig.  144,  iu  which 
one  end,  C,  of  a  long  steel  s|iririg  i«  gripped  in  tho  jaws  of  a 
vice,  A.  The  free  end  of  the  spring  I)  is  tboii  drawn  to  one 
side  to  D';  on  being  released,  itti  elasticity  carries  the  free  end 
back  to  D,  but  the  kinetic  energy  it  has  gained  in  niovemenl 
,8  00  gi*eat  that  it   parses  on  to  D"  before  it  comes  to  rest. 
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Here  potential  energy  being  at  the  maximum,  the  free  «■ 
trcmit^'  is  carried  back  to  D,  and  by  kinetic  oiierpy  to  D',  aii^ 
BO  on.     Each  movement  becomes  leits  aiul  Icsit,  aa  in  the  eve  of 

the  )>eiidulutii,  uiid  titmlty  ceuseir,  lU 
energy  ha?iii^  been  consumed  in  fnclicm 
with  the  air. 

The  movenient  of  the  extremity  >if 
the  spring  from  D'  to  D"  or  from  D", 
to  D',  IK  called  a  singh  ribratkm  hy  tli 
French.  The  Enj^Iifth  and  (icrru 
call  a  vibration  tlie  moveiueut  troin 
to  D"  and  hack  again  lo  W.  Tbc 
vibration  of  the  French  system  is, 
therefore,  a  semi -vibration  of  tbe 
English  svsleni.  The  Kngtish,  aB  com- 
pared wit^  the  French,  is  a  double  or 
complete  vibration.  ' 

The  time  o(%npied   in    cxccating-B     ' 
complete  vibration  is  called  ihe  perioA 
of  vil>ratinn.  ^m 

Tlie  ahtplitudf-  of  n  \Tbration  in  uqH 
pari  of  the  ypring,  is  the  distance  from 
the   middle   pos^ition   to   either  of  ita 
extreme  positions. 

A  moment's  ohservotion  shows  that 

while   the   amplitude  of  vibration  for 

diflercut  parts  of  the  spring  i.s  very 

variabk",  the   period    for  eiicli  part  ifl 

the  same.     In  renpect  to  isochronism  the  spring  resembles  the 

pendulum. 

363.  Kelatioiu  of  Tibratloni  and  ITndiilatioiu. — If  one  tape  witi 

the  finger  npon  u  surJacc  of  still  whIlt  in  u  large  vessel  ft 
wave-like  or  undulatory  movement  of  the  siirlace  of  the  liquid 
is  produced,  which  originating  at  the  )>oint  whore  the  finger 
touches  passes  outwards  to  tiie  borders  of  the  vessel,  'the 
tapping  or  vibrating  movetiient  appcur^  to  be  distinct  from  the 
wave-like  or  undtiltilury  motion  :  while  the  vibration  is  in  a 
vertical,  the  nndulation  is  in  a  horizontal  pt.inc.  The  motecnics 
of  the  liquid  seem  to  pass  in  the  direction  of  the  wave  move- 
ment, yet  this  is  not  the  case,  as  may  be  readily  proved. 

Place  a  cork  or  chip  upon  the  surface  of  water  in  a  pond : 
drop  a  jiobblc  into  tbc  water  at  a  distance  of  about  five  feet 
from  the  chip.  The  water  at  the  point  of  impact  ift  thrown 
into  a  vibratory  motion  as  in  the  tapping  experiment.  Undu- 
lations originate  at  thin  point  and  pa£i4  in  a  euceession  of  circles 
to  the  shore,  where  they  break  and  are  lost.    As  each  wa\ 
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reaches  the  chip  the  latter  is  not  <Iriveii  forward,  but  eimpiy  rises 

*%mi,  fulls  in  n  verticul  plunc.  The  chip  can  only  movu  as  thu 
inoleoules  of  water  move.  Since  it  niovos  in  a  vertical  plane, 
it  tbllowB  that  the  actual  movement  of  the  water  molecules  is 
ulho  ill  a  vertical  plane,  exactly  as  it  was  in  the  vibration  which 

torieiiiateU  the  wave  motion. 
From  the  above  facti«,  it  in  evident  that  the  relations  of  vibra- 
Hons  and  undulations  are  as  follows  :  Ist.  Undulations  originate 
in  a  vibratory  movement  in  a  medium.  The  vibration  is  the 
oansc,  the  undulation  an  effect.  2d.  Tlic  passage  of  vibra- 
tions ntong  the  medium  gives  to  the  latter  the  wave-like  or 
andulatorj'  condition.  iJd.  While  t!ie  vibratory  niovcmcnt  ia 
[of  ver}'  slight  extent,  the  nndnhition  may  pass  over  eonaiderable 
inces.  4lh.  In  undulations  it  is  the  form  only  that  advances, 
the  molecules  or  particles  (130).  The  Hmiulatioii  is  translated 
an,  mt  translated  matter. 

364.  TruuTerie  Vibrations. — Vibrations  may  take  place  in 
diSerent  ways.  The  Jiral  of  these  is  where  they  are  at  right 
angles  or  vertical  to  the  course  of  the  wuvcp.  Such  arc  ealTed 
tronaverse.  In  waves  on  water  they  approach  this  character, 
tliough,  as  we  shall  see  later  on,  they  are  much  more  complex 
than  they  »i  first  appear  to  be  (366). 

A  good  illustration  of  transvei-«e  vibration  is  oftbrded  by 
attaching  ime.  end  of  a  lojiy  chain  to  a  suifahle  HUjiport,  and  then 
holding  it  tolerably  tense  at  the  other.    On  moving  the  hand  up 
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and  down,  eaeh  link  of  the  chain  takes  on  the  up  and  down 
movement  imparted  by  the  hand  to  the  first  link,  and  a  wave- 
like motion  passes  along  the  chain  to  the  attached  end.  A  long 
cord  or  rubber  tube  filled  with  uand  may  be  used;  in  each  case 
the  particles  move  transversely,  only  the  wave  form  advance*. 

365.  Loogitndtnal  Vibratioiu. — In  (303),  transmieainn  of  a  cnm- 
Ipression  impulse  along  a  rod  was  illustrated,  and  the  mantier 
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of  tnLnaniission  described  by  a  seriee  of  suspended  balls.    AsUm! 

action  is  along  the  length  of  tlie  rod,  or  series  of  balls,  it  ia 
called  lonffitiidtnal.  As  we  have  longitudinal  impulse,  bo  vi 
have  Inngicndinal  vibration,  in  which  iniimlRc  after  impulsD  ia 
imparted  to  molecule  attcr  molecule  of  the  rod,  each  molecale 
8wa,ving  backwards  and  forwards,  but  moving  through  an  tL- 
Hnilely  minute  distance  compared  with  that  traversed  hv  the 
wave. 

The  transmisBion  of  longitudinal  vibration  may  be  admirably 
imitated  by  means  of  tlie  brass  spiral.  This  consists  of  a  brass 
wire,  about  ouc-foi'tioth  of  an  inch  in  diauicter,  coiled  in  a 
close  spiral  one-half  in(;h  in  diameter  and  thirty  feet  lonif. 
Fasten  one  end  of  the  coil  to  a  tirm  support,  then  holding  K 
Cant  in  ihc  letl  band,  with  tlie  ibunib  and  index  linger  uf  the 
right,  nip  the  spiral  about  ten  inches  from  the  left  hand,  and 
draw  tbut  turn  of  the  spiral  towards  the  left  bund.  In  this  way 
the  tirst  sixty  or  one  hundre<l  turns  of  the  spiral  are  drawa 
closer  together  or  eomprcesed.  Suddenly  releasing  the  spiral 
from  the  finger  and  tlinnib  of  the  right  hand,  a  wave-like  move- 
ment of  »;ompreiyiion  followed  by  relaxation  passes  along  the 
spiral  to  tlie  Jised  extremity.  In  the  nasjfage  of  the  wave  each 
turn  or  coil  of  the  spiral  oscillates*  i>r  vibrates  forward  and  back- 
wards through  a  very  slight  extent,  but  the  wave  form  of 
com]trcsBion  and  relaxation  passes  throughout  the  extent  of  the 
coil. 

As  in  the  spiral  coil,  we  see  a  wave  of  compression  and  relax- 
aiioii  pasr^ing  along  the  spiral,  so  in  all  longitudinal  vibration  a 
similar  wav(*  of  compression  and  rarefaction  is  produced. 

368.  Circular  or  Elliptical  7ibration. — Reference  has  been  made 

to  the  fact,  that  in  waves  upon  water,  though  movement  of  the 
particles  api^ears  to  be  Biniply  up  and  down,  it  ia  quite  complex. 
Itegarding  this.  Prof.  Weiuhold  says: 

Oarefnl  experiments  have  shown  that,  when  a  uniform  scries 
of  waves  follow  each  other  along  the  surface  of  water,  the 
particles  of  liouiJ  which  are  disturbed  by  them  move  in  ellip- 
tical or  circular  i>attiB,  and  tliut  hence  each  particle  returns 
again  to  the  point  from  which  it  started,  whde  the  onward 
motion  of  the  whole  wave  is  due  to  the  fact  that  each  liquid 
jmrticic  commences  its  motion  somewhat  later  than  the  pre- 
ceding one. 

Kig-  146  is  intended  to  tUnstrate  the  formation  of  waves  by 
the  circular  motion  of  individual  particles  of  water.  For  sake 
of  clearness,  only  a  few  ])articles  are  represented  in  the  figure, 
those  shown  being  so  far  apart  that  each  one  hegins  to  move 
when  the  precedmg  one  has  completed  the  twelfth  part  of 
its  circular  motion:  thu  portion  of  its  path  which  each  partido 
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■already  described  at  the  instant  to  which  each  figure  cor- 
ionds  IB  shown  hy  tho  dotted  curves.  A  rupreseiits  the 
suriTaoo  after  the  particle  0  has  moved  through  one-twelfth  of 
a  circle:  B  after  0  has  moved  through  two-tweliUie  and  the 
particle  1  through  one-twelfth  of  a  circle.  In  C  the  particle  0 
DM  passed  throu.ifh  three-twelfths,  or  one-iburtli  of  tlie  circle; 
in  1)  it  haa  de»crilied  a  Heuii-circle:  and  in  E  it  has  returned  to 
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pt8  original  place.     If  only  a  single  wave  passes,  each  particle 
mies  to  rest  after  dyscrihing  a  circle.    F  represcutH  the  surface 
tlie  luotnent  when  the  wave  has  moved  onward  through  half 
lt»  whole  length  ftirther  than  it  was  in  E:  and  if  there  are  euc- 
rivo  waves,  each  particle  repeats  its  motion,  as  shown  in  G. 
By  means  of  the  spiral  coil  all  forms  of  vihrntion  wo  have 
[cohfiidered  may  be  ilhistrnted  and  tinduhitiniift  produced.     In 
irctilar  vibration,  the  hand  is  moved  in  u  sniall  circle;  in  ellip- 
tical, in  an  ellipse. 

367-  UndalatioaB  aud  their  Graphic  Representation. — Deschatio) 
j^unyn:    "An  noHiilation   iiiay  bo  defined  as  a  system  of  niove- 
^Pttiontsin  which  suvithI  particles  move  to  and  fro,  or  round  and 
round,  about  definite  points,  in  such  a  ■manner  as  to  produce 
continued  onward  transmisaiou  of  a  condition,  or  scriee  of  con- 
ditions." 

The  terms  employed  in  connection  with  vibrations,  as  ampU- 
tutfe,  utc.,  are  aluo  used  in  the  catse  of  waves.  Kee  131.  lor  wave 
meaanrements. 
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Undulations  may  be  divided  into  three  groupe :  let  Thoee 
produced  by  transverse  vibrations;  2d.  Those  by  longitadioal 
vibrations;  and,  3d.  Those  by  circular  or  elliptical  vihrationB. 
Each  of  Lhese  necessarily  imparts  special  characters  to  the  undu- 
lations it  produces. 

The  graphic  representation  of  nndulations  is  thus  brieflv 
described  by  Ganot:  Draw  a  line  of  indefinite  length  andnurK 
off  A  H,  ^ig.  147,  to  represent  the  time  of  one  half-vibration, 

FiQ.  147. 
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Gi«pblc  rciireuDtfttlon  of  Telocltj  uf  uKlIlatlDB  bud^. 

H  II'  to  represent  the  time  of  the  second  half- vibration,  and  so 
on.     During  the  first,  velocity  increases  from  zero  to  a  maii- 
mum  at  the  half  vibration,  and  then  decreases  during  the  second 
from  the  maximum  to  zero.     Consequently,  a  curved  line  or  arc, 
A  0  H,  may  be  drawn,  whose  ordinate  0  M  at  any  point  0  will 
represent  the  velocity  of  the  body  at  the  time  represented  by 
AM.     If  a  similar  curved  line  or  arc  H  P  H'  be  drawn,  the 
ordinate  P  N  of  any  point  P  will  represent  the  velocity  at  a 
time  denoted  by  A  N.     But  since  the  direction  of  the  velocity  in 
the  second  oscillation  is  contrary  to  that  in  the  first,  the  ordinate 
N  P  nmst  be  drawn  in  the  contrary  direction  to  that  of  M  0. 
If,  then,  the  curve  be  continued  by  a  succession  of  equal  arcs 
alternately  on  opposite  sides  of  A  D,  the  variations  of  velocity  of 
the  vibrating  body  will  be  completely  represented  by  the  varying 
magnitudes  of  the  ordiiiates  of  successive  points  of  the  curve. 

368.  TJndalations  in  Space. — If  we  examine  the  circles  of  waves 
produced  on  water  wlien  a  pebble  is  dropped  therein,  we  find 
that  the  altitude  of  each  circular  wave,  or  the  amplitude  of 
vibration  of  its  particles  becomes  less  as  we  pass  outwards  from 
the  centre  or  point  of  origin.  This  was  to  be  expected  as  a 
necessary  consequence  of  diffusion  over  a  greater  space  of  the 
energy  which  originated  them. 

AVhat  we  see  taking  place  on  the  surface  of  water  is  an  indi- 
cation of  wliat  occurs  in  the  case  of  undulations  in  air.  In 
the  latter  instance,  since  movement  is  equally  free  in  all  direc- 
tions, the  waves  pass  out  from  the  centre  of  disturbance  as 
spheres  of  compression,  produced  in  the  manner  described  under 
longitudinal  vibration  (365).  Hence  the  energy  initiating  them 
is  of  necessity  rapidly  diffused  over  the  ever-increasing  space,  and 
the  amplitude  of  vibration  of  the  particles  steadily  diminished. 

The  power  of  air  to  transmit  impulse,  and  also  diminution 
of  the  violence  of  the  same,  with  increased  distance  from  the 
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>iiit  of  origin,  were  well  shown  by  the  explosion  of  five  tons  of 

faupowder  in  Ke^cnt't*  i'ark,  Lonilon,  in  1874.  The  walls  of 
ouscs  were  serioualv  (iamajecd  at  a  distance  of  four  hundred 
jfards.  Windows,  doons,  and  i'filinjr«  were  broken  at  s\x  hun- 
dred vanlK.  Conenwinti  wafl  distinctly  felt  at  two  miles,  and  tiie 
•ound  reached  Walthani,  fifteen  miles  away. 

369.  TTndnlations  in  Tube*. — In  the  propagation  of  nndiilatioDs 
in  tubus,  ilic  loss  is  not  so  rapid  as  in  open  space.  This  may  be 
easily  dctnonBtnited  by  pnwiueing  waves  in  a  \ong  open  trough  of 
,  water  the  sides  of  wliich  are  vertical,  smooth,  and  not  very  far 
jart;  under  these  conditions  tlie  waves  preserve  their  altitude 
^•ft-ith  very  little  diminution  thmnghnutthe  length  of  the  trough. 
To  make  the  manner  of  |)ro[»agiitiou  aa  clear  as  possible,  sup- 
pose that  M  N,  Fig.  148,  represents  a  tube  tilled  with  air,  and 
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SviHil  niMlulilliMti  In  nt«*. 

I*  a  piston  oscillating  therein.  When  the  piston  niovett  from 
A  to  a,  the  air  in  the  tube  is  cnrHUniaed.  By  virtue  of  its  elas- 
ticity it  is  not  compressed  throughout  its  wliole  length  at  once, 
hut  only  within  the  distance  A  H.  This  is  called  the  condensod 
wave. 

Imagine  the  tube  to  be  divided  into  lengths  equal  to  A  H, 
and  each  of  these  into  layers  parallel  to  the  tiicc  of  the  pititon. 
When  the  first  layer  of  A  H  ceases  to  move  the  first  layer  of 
the  second  wave  H  H'  moves,  and  bo  on  through  the  layers  of 
the  remaining  division.i  or  waves.  The  conipresfted  wave  thus 
advances,  its  parts  moving  in  succession  with  equal  velocity  and 
condensation. 

By  return  of  the  piston  in  the  direction  n  A,  a  vacuum  is 
produced,  and  the  layer  in  contact  with  its  face  is  rarefied.  As 
was  the  case  with  the  condensed  wiivo,  a  rarefied  wave  passes 
along  the  tube  of  the  same  length  as  the  condensed  wave,  and 
iinrncdiatelv  following  it. 

The  condenaod  iinu  expanrled  wave,  tJiken  together,  form  a 
complete  undulation.  As  the  vibrations  are  more  rapid  the 
undulations  are  shorter. 

During  transmission  of  undulations  through  a  medium,  any 
two  particles  are  in  the  same  pfuise  when  they  move  wiih 
like  Vflocities  in  similar  directions.  When  they  move  with 
equal  velocities  in  opposite  dlreclious  the^  are  said  to  be  iu 
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opposite  phases.  Separation  by  a  whole  wave  length  prmliutt 
motions  ld  the  Bumu  phase;  separation  by  half  a  wave  len^ 
produces  phases  in  opposite  directions. 

Id  tranemissiou  of  waves  alou;r  a  tube,  there  U  uot  the  eani« 
loss  as  ill  the  case  of  spherical  waves,  since  tlie  force  or  energy 
is  eontincd  within  equal  timita  and  not  allowed  to  difiiiBe  it 
over  a  great  extent  of  space. 

370.  Seflection  of  Waves. — When  circular  waves  on  the  sut 

of  water  niL-ut  a  resisting  medium  which  presents  a  plane  sa^ 

fecc.  the  undulations  undergo  retlection  accortiing  to  the  law  of 

reflection  (304),  and  pass  backwards  from  the  reflecting  ^urtiice. 

Let  a  system  of  water  waves  originate  at  O,  Fig-  149,  their, 

PlO.  140. 
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crests  and  depressions  being  represented  by  the  full  and  dotted 
circles.  On  meeting  the  plane  aurface  they  are  reflected  in  the 
manner  indicated,  the  second  ^stem  of  circles  having  their 
centre  at  0%  the  same  distance  from  the  plane  surface  as  0^  but 
on  the  opposite  side.  An  observer  placed  at  M  will  refer  the 
wave  reflected  from  I,  to  0'  as  its  point  of  origin. 


371.  Interference  of  Waves. — Suppose  two  equal  systems 
water  waves.  Fig.  loO,  A,  one  represented  by  the  continuous 
ami  iIh^  other  by  dottetl  lines.  When  they  meet  at  M  with  crests 
correiipotiding  to  ercsta,  and  troughs  to  troughs,  the  wave  height 
of  the  combined  system  will  bo  Increased,  as  at  M  M. 

Ii",  on  the  contrary,  the  waves  meet,  or  interfere  as  delineated 
at  D,  the  crests  of  the  dotted  system  fitting  into  the  troughs 
of  the  other  sysleni,  they  will  mutually  destroy  each  other  and 
smooth  water  will  result. 
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In  the  experiment  desctibod  in  the  preceding  article,  where  a 
B5^cro  of  circnlar  waves  is  reflected  from  a  pIuTie  surfoce,  the 
effects  of  iutcrfereuce  arc  well  illustrated.  As  the  incident  and 
reflected  a^stcms  meet,  every  variety  of  conditions  arise. ^In 
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rf>o«ttton8  the  wavcR  are  soon  eurmountinjc  (-'Qch  other  and 

'producing?  increased  wave  height;   in  othera  tieutralizin^  and 

reetoriug  the  origiual  level  of  the  water.     In  iJie  approach  of  a 

Eteamhoat  to  her  duck,  these  ititerfereiices  of  wave  systems  may 

be  eeeu  to  perfection,  as  the  waves  from  the  paddle-wheel 

,undurgo  reflection  from  the  sides  of  the  pier. 


CUAPTEK    XII. 


GENERAL   PROPERTIES  OP  BOUND 

Fotte  umI  lound— Orif^ii  of  »outid — Sound*  Trovn  InKnlmMO  njitiira — PtopOipAtlnn 
of  •uund — Uftiitier   of  prupK^ittioti  of  auimd — DiMipntion  of  sound — Con- 
duction cif  found— TIh>  «b't)ii»n<>|K;  nntl   miifiittntion — VcWtlv  of  nound  in 
gww— Vel'Jcity  of  suuiid  in  li<|iiid>- — V«I"eiIy  of  aound  in  tuV\<U — Kflfl»GtM>n 
•ountl  from  pluni;  «urfa<M» — RdQwUcii)  of  sound  fVum  ourvvd  •urfucw — 
'^ScftactioD  of  sound — Polarization  of  eound. 

373.  ZToUe  and  Sotmd. — It  is  not  easy  to  draw  a  sharp  line  of 
distinction  between  nol^  and  auuiid.  We  mav,  however,  say 
that  l>v  noise  we  understand  either  brief  vibration,  or  impulse, 
like  tlie  discharge  of  a  cannon;  or  a  mixture  of  discordant 
Bounds,  like  the  pu-ssatre  of  a  carriage,  the  rolling  of  thunder. 

A  tme  sound,  or  a  nmaical  sound,  on  the  contrary,  is  more  or 
leas  sustained  and  continued,  and  euphonious  or  well-soiiriditig. 
Its  valuation  or  rate  of  vibratinii  ia  fixed  and  uniform,  and  easily 
determined. 
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373.  Origin  of  8oiiiid.— In  (301)  it  is  stated  that  all  wondt 
oriuinale  in  impultte,  ur  iti  vibrations  of  the  partidee  of  elastic 
bouies.     Of  this  we  offer  proof. 

Vibrations  may  be  caused  either  by  shock,  or  by  friction,  u 
with  the  bow  of  a  violin  or  the  tremulous  nioveineuis  of  rofittd 
(393).  Any  substance  which  may  be  made  to  pi-oduce  eouixl 
IB  called  a  (tonorouK  body. 

Tlie  existence  of  vibration  during  the  emteaion  of  sound  may 
be  shown  by  the  experiment,  Fig.  151,  in  which  a  l>ell  jar  is 

Fio  Ifil. 
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held  horizontally  in  the  manner  indicated,  and  alriiek  with  a 
small  wooden  mallet.  If  while  still  fionnding  a  little  piece  of 
mclal  is  tossed  into  the  interior,  it  U  thrown  into  rapid  niotioo 
by  OBcillationrt  of  the  jar.  Placing  the  hand  upon  the  jar  these 
may  be  felt,  though  contact  causes  them  to  cease. 

In  illuatralion  uf  vibration  by  the  spring  and  vice,  Pig.  144, 
while  the  spring  projects  for  a  considerable  distance  vibra- 
tions ate  perceptible  to  the  eye,  and  a  low  humming  sound  is 
produced.  On  Inwerins'  the  'spring  in  the  vice,  as  it  becomes 
shorter  the  rate  of  oscillation  grows  more  rapid,  and  the  sound 
more  slirill.  At  last,  when  a  very  flhurt  portion  of  the  spring 
projects,  the  movements  are  so  smalt  in  extent,  and  brief  in 
duration,  that  the  eye  fails  to  perceive  them,  though  they  can 
Biill  be  detected  by  the  ear  and  sense  of  touch. 

In  the  course  of  the  above  experiment,  since  sounds  of  many 
degrees  have  been  obtained,  and  in  every  case  attended  by  vibra- 
tion, wo  conclude  that  all  sounds  take  their  origin  in  oscillations 
of  the  molecules  of  hodiea. 


374.  Bounds  from  Inanimate  Sature. — Setting  aside  the  crash 
and  rolling:  of  thnnflor,  the  rumble  of  an  earthquake,  the  ex- 
plosive discharge  of  volcanoes,  the  splashing  and  roar  of  water, 
It  may  be  said  tliat  the  sounds  produced  by  inanimate  nature 
take  their  origin  in  the  rnovementtf  of  winds.  These  often  throw 
various  objects  into  vibratory  movement.  All  who  live  in  the 
vicinity  of  telegraph  wires  in  exposed  positions,  and  have  heard 
the  sound  prodmjed  therein,  have  had  fre^juent  opportunities  of 
verifying  tiiis  statonient.     The  iulinite  variety  of  souuds'cvoked 
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n  a  forcRt  driring  a  storm  arise  fmrn  tlie  vibralkins  which  wind 
bu  prodiicefl  in  the  leaves,  twign,  sieinit,  and  shafts  of  trees. 

A  ])tL*atiaiit  applicutiuii  of  wind  tn  evoke  Bouoroiis  vihrationn  i» 
miuie  in  the  .i'oliitn  harp.  Thi»  consists  of  a  lon^E^  box  of  tliio 
ood,  on  the  upper  Bui-tace  of  which  violin  stniigs  arc  stretched. 
Excopting  one,  which  is  lieavier  than  the  rest,  they  are  tuned  in 
Duison;  wlion  placed  in  a  window  where  currents  of  wind  may 
pus  over  its  strings  they  are  thrown  tntu  vibration.  "Altera 
uase  a  low  solemn  note  is  heard,  like  the  baaa  of  distant  music 
in  the  sky;  the  sound  then  swells  as  if  eomine  near,  and  other 
tones  break  ibrth,  mingling  with  the  first  and  with  each  other. 
In  the  combined  and  varying  strain,  eometimes  one  clear  note 
^reilnniinates  and  again  another,  an  if  single  naisieiaiis  alter- 
nately led  the  band:  and  the  concert  seems  to  approach  and 
recede,  until  with  the  unetjual  breeze  it  dies  away,  and  all  is 
bashed." 

A  strone  current  of  air  parsing  througli  chinks  in  walls, 
cracks  in  doors,  or  through  keyholes,  originates  wjunds  which 
riite  iind  tall  as  the  force  of  the  moving  air  varies.  Thus  the 
deep  howlinga  which  Iwiue  from  capacious  chimneys  of  ancient 
iiouses  take  their  origin. 

Not  only  do  sounds  originate   by  the  action  of  winds,  but 

auch  impalpable  agentii  as  light  can  al^o  be  made  to  initiate 

»nnd  vibrations.     In  following  u]>  the  experiments  which  led 

,_;o  the  discovery  <)f  the  photophone  (437  A)  Prof.  Bell  savs: 

^  In  my  Boelon  paper  the  discovery  wa.-!  announced  that  thin 

"isks  of  very  many  different  snubHtanccs  emilUd  sounds  when  ex- 

osed  to  the  action  of  a  rapidly  interrupted  beaiu  of  sunlight. 

'he  great  variety  nf  material  used  in  these  experiments  led  me 

to  believe  that  sonorousness  under  such  circumstancee  would  be 

found  to  be  a  general  property  of  all  matter." 

At  1hal  lime  we  had  failed  to  obtnin  audible  eiTecta  from 
tasAes^  of  the  varions  flnl>stanceR  wliich  became  sonorous  in  the 
nditions  of  thin  diapbragius,  but  this  failure  was  explained 
pon  the  supposition  tnat  the  molecular  disturbance  produced 
ly  light  was  chiefly  a  surface  action,  and  tliat  under  the  ciixum- 
,cea  of  the  cxporlmentB  the  vibration  had  to  be  transmitted 
ugh  the  mass  of  the  sub-ttunce  in  order  to  atlect  the  ear.  It 
was,  tlierefure,  supposed  that,  if  we  could  load  to  the  ear  air  that 
wa«  directly  in  contact  with  the  illumiiiate<l  surface,  louder 
Bounds  might  be  obtained,  and  solid  masses  be  found  to  be  ae 
norousasthin  diaphragms.  The  first  experiuienta  made  to 
erity  this  hypothesis  pointed  towards  success.  A  beam  of  sun- 
"  t  was  fiMiuB^cd  into  one  end  of  an  open  tube,  the  ear  being 
"  at  the  other  end.  Upon  interrupting  the  beam,  a  clear, 
musical  tone  was  heard,  the  pitch  of  which  depended  upon  the 
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frequency  of  tho  iiitcrruptiftii  of  the  liglit,  and  the  loudnew  upoa 
the  material  cuinpuiiing  lliu  tuiic/' 

"In  order  to  Htudy  thettc  etleets  under  better  circatnBtaaws 
tho  materials  were  eiic-1o«ed  in  a  conical  cavity,  B,  in  a  piec«  of 
brasH  closed  hr  a  dat  plute  of  glaee.  A  brass 
tube  It'tidin?  into  the  cavity  served  for  ooa- 
ncctioii  wiili  the  hcarinc;-tiibo  A,  VThen  thiB 
conical  cavity  waa  stuncd  with  worsted  or 
other  fibrous  uialeriah  the  sounds  produced 
were  much  louder  ihau  when  a  tubtt  was  eiti- 
ployed." 

"  Upon  Buiokiiig  the  interior  of  the  cuniuii 
cavity,  anil  then  cx^iosing  it  to  the  intermit 
tent  beam,  with  tlie  glass  lid  in  position,  lli« 
effect  was  perfectly  BturtHng.  The  sound  was 
so  loud  na  to  be  actually  painful  to  an  enr 
placed  closely  against  the  end  of  the  bearing- 
tube." 

*'  In  rejfard  to  the  senftitive  materials  that 
can  be  employed,  our  exi)eriment8  indicate 
that  in  the  case  of  uolida  the  physical  condition  and  the  color 
markedly  influence  the  intensity  of  the  eouoroos  effects.  The 
loudest  soimds  are  produced  from  suhstatices  in  a  hose,  porous,  spongif 
condifiofij  and  from  thone  that  have  the  darkest  or  moat  abscfritent 
colors." 

*'  The  nialerials  from  which  the  bcBt  effocts  have  been  obtaiueil 
are  cotlon-wool,  worsted,  fibrous  materials  generally,  cork, 
sponge,  platinum  and  other  metals  in  a  spongy  condition,  and 
lammjlack." 

"The  loud  sounds  produced  from  snch  suhstancefl  mav,  per- 
haps, be  explained  in  the  Iblluwing  manner:  Let  us  consider,  for 
exantple,  lampblack — a  siibstunce  which  becomes  heated  bv 
exposure  to  rays  of  all  refrangibility.  I  look  upon  a  nuies  of 
this  substance  as  u  sort  of  sponge,  with  its  pores  filled  with  air 
instead  of  water.  Wheti  a  benraof  aunliglit  falls  upon  this  maw, 
the  particles  are  heated,  and  consequently  expand,  causing  a 
contraction  of  the  air-spaces  and  pores  among  Iheni.  Under 
tlicee  circumstances  a  pulse  of  air  Biiould  be  expelled,  just  as  wo 
would  squeeze  out  water  from  a  sponge." 

"  The  force  with  which  the  air  le  expelled  is  greatly  increased 
by  the  expansion  of  the  air  itself,  due  to  contact  with  the  heated 
particles  of  lampblack.  When  light  is  cut  off,  the  reverse  tnkefl 
place.  The  lampblack  particles  cool  and  contract,  tlius  enU 
ing  the  6[iaccs  ))ctwccn  them,  and  the  enclosed  air  uIko  becoi 
cool.  Under  these  circumstances  a  paitial  vacuum  is  formed 
among  the  particles,  and  the  outside  air  reabsorbed,  us  water  is 
by  a  sponge  when  the  profisure  of  the  hand  is  removed.'' 
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1  iniairitie  that  in  tK>iiiu  Huch  iiiatiDtT  uh  tliis  a  wiivc  of  coD' 
Batioii  is  Atari e( I  in  t)ie  alitMWplifro  tiiich  tiiiie  a  beam  of  dun- 
t  falls  upon  laTupblftck,  and  a  wave  of  rar^rfiictiou  is  origiu- 
l  when  the  licht  is  cut  oH".  We  can  thus  understund  how  it  is 
a  substance  uke  lampitfnck  products  inimse  smtorous  vibrations  in 

surrounding  aw,  while  at  the  same  lime  it  commutiieates  a  tvry 

feebU  ribration  to  the  diaphra/jm  or  solid  bed  upon  which  it  resls." 

VJi.  Propagation  of  Souad. — The  apparatus  Fig.  1o3  coriBista 
of  a  glasi^  g\o\ie;  in  the  interior  a  nniHll  betl  is  suspended.  A 
6topcock  closes  the  aperture,  and  by  means  of 
the  screw  it  may  be  attached  to  an  air-pump 
and  exhausted. 

Commenciug  the  experiment  with  the  globe 
in  un  exhauated  condition,  if  the  vacuum  is 
nearly  perfect,  scarcely  any  sound  can  be  per- 
ceived no  matter  bow  violently  we  ring  the 
bell.  What  little  sound  we  do  hoar  pansee 
alone'  the  Huspending  rod  to  tlie  metallic  cap. 
thift   has   been    made   of  poor  conducting 

flterial,  no  noiee  whatever  is  heard.     Thei-e- 
fore,  Hiund  cannot  pass  through  a  vacuum. 

Admitting  air  to  the  sphere  and  keeping  the 
bell  in  motion,  we  soon  begiu  to  hear  its  ring,  which,  as  air 

ters,  becomes  louder  and  louder,  reaclnnj'  its  maximum  when 

e  interior  and  exterior  pressures  arc  equal.  We  eonac^iuently 
'conclude  that  sound  is  propagated  through  air.  We  would  add 
that,  as)L  rule,  it  always  reaches  the  ear  throuKk  this  medium. 

Again  exhaustinc  the  sphere,  and  filling  it  m  succejtsion  with 
various  pnseis,  we  liud  that  while  they  all  permit  conduction 
of  souna  from  the  bell,  tliey  differ  greatly  in  ability  to  do  so. 
Hydrogen,  for  example,  transmits  a  teeble  sound,  while  denser 
I,  according  to  their  increase  in  specific  gravity,  transmit 

ndcr  sounde.  Increase  in  pressure  also  favors  passage  of 
sound  through  any  g&n. 

In  like  manner,  fionnd  is  propagated  through  water  and  other 
liiiuids,  and  also  through  all  elastic  eoHds.  Evidence  of  this 
will  lie  given  when  we  treat  of  the  velocity  of  sound  through 
various  media. 

'*  Peschel  states  that  the  greatest  known  distuncc  to  w*hich 

and  bus  been  carried  through  the  otmosphcro  is  345  miles,  aa 

is  ashorlcd  that  tlie  very  violent  explosions  of  the  vokano  of 
t.  Vincent  have  been  heanl  at  Deniernra.  There  is  no  doubt 
that  soutid  travels  to  it  greater  distance  and  more  loudly  through 
the  earth's  surface  than  the  air.  Thus,  in  the  wilds  of  Africa, 
^»e  roar  of  a  lion  is  heard  for  many  mites  around.  This  is 
Owing  to  the  animal  placing  its  nostrils  within  a  short  distance 
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of  the  ground,  aud  the  tpanemission  of  the  sound  by  the  sarfect 
It  U  atateJ  on  good  authority  that  the  cannonading  at  the  battle 
of  Jena,  in  1806,  was  heard,  thoii<;h  hut  feebly,  in  the  opai 
fields  near  Dresden,  a  distance  of  ninety-two  miles;  whil*  in 
the  casemates  of  the  forliUcatious  (uiidergrouud)  it  was  b««nl 
with  great  distinctness.  So  it  ie  said  that  the  cannonading  ofdie 
citadel  of  Antwerp,  in  1BS2,  was  heard  in  the  miuc»)  of  Soxwy 
at  a  diatance  of  370  niilea." 

376.  Manner  of  Fropatfation  of  Sound. — In  the  discuaaon  of  die 
relations  of  vibrations  and  lauUilarionB  (3ti.3),  it  was  stated  tbit 
vibrations  [iroduce  undulations.  Vibrations  of  a  sonorous  bod;r 
ori":inate  H(mnd  waves,  or  undulations  in  the  air.  in  which  tbe 
moIcculeH  of  iiir  are  thrown  into  lonj^^tudinal  vibrations,  JnBt  as 
an  oscillating  {li^ton  producer  unduhUion»t  iu  a  ttib«  (369). 

VibratioiiH  iniiHOiiorons  l>ody  may  be  either  transverse, aa  in  i 
string,  or  lnngitiidinHl,as  In  a  rod;  but  in  Uieir  passage  througti 
air  as  a  conducting  niediam,  the)'  of  necessity  becoino  longitu- 
dinal ;  as  Dr.  Amott  puts  it:  "There  is  no  cohesion  to  link  the 
air-particles  together,  so  Interal  motions  of  any  one  particle  would 
not  he  passed  on  to  the  next,  only  /iwiwim  inipulset*.  impacts, 
or  puslies,  can  he  communicated."  Herein  wo  find  an  illoBtrt- 
tion  of  the  necessity  of  drawing  a  distinction  between  vil>ration» 
in  a  sonorous  body,  and  those  in  the  medium  the  sound  traTeraei. 

Ot  tbe  passage  of  sound  in  air,  Weinhold  sajs:  The  niotioD 
of  the  particles  of  air  <luring  propagation  of  sound  resembles 
to  some  extent  that  of  the  particles  of  water  during  the  trniis- 
latioD  of  a  wave;  hence,  sound  is  said  to  he  couvc^'ed  by  an 
undulatory  or  wave-like  motion  in  air. 

The  resemblance  is,  however,  confined  to  the  feet  that  each 
particle  performs  the  same  definite  movement,  but  commences 
Its  motion  floniewbat  later  than  the  preceding  one.  The  path 
described  by  each  is  essentially  ditterent  in  the  two  cases.  When 
a  wave  is  propHgaled  through  water,  each  particle  describes  a 
circle  (3tJG);  wlicn  3ound  is  propagated  through  air,  the  mole- 
cules move  in  a  straight  line,  backwards  and  forwards,  in  the 
direction  the  sound  is  propagated. 

A  wave  on  water  is  formed  by  a  series  of  crests  and  hollows 
(or  elevations  and  dcprcssiona);  a  wave  of  sound,  by  a  aeries  ot 
alternating  ccimprcssiona  and  rarefactions  of  nir.  Such  coro- 
preasions  and  rarefactions  of  air  take  ^>lace  whenever  a  body, 
surrounded  by  air,  is  set  in  rapid  vibration — that  is,  when 
its  parts  are  made  to  move  rapidly  to  and  fro  through  a  short 
space.  Suppose  a  tuning-fork  is  strock,  and,  for  sake  of  sini- 
plicity,  that  one  of  its  prongs  vibrates  exactly  in  n  direction 
towards  and  away  from  us.  As  soon  as  the  prong  begins  to 
move  towards  us,  the  nearest  particles  of  air  arc  compreased. 


OXNERJIL    PROPEBTIBS   OP   SOl 


325 


those  further  nway  arc  unnffeoted  by  the  impiilse  in  con8«- 
Oce  of  itiuir  inerlia.  Before  thu  prong  begins  its  backward 
ion,  the  uoiiipreBacd  particles  of  air  expand  again,  and  the 
Insioii  tAkes  place  in  whatever  direction  they  meet  least 
Itance. 

The  tuniog-fork  does  not  perform  merely  a  single  vibration, 
UieniovetDentaareuiiiroruityrt'peutetl.andaBeriee 
bndenitationA  and  raroftictions  follow  each  other  in  P'o-  IM- 
id  succession,  and  are  propagated  tf>  the  ear;  the 
portion  of  air  close  to  the  ear  vibrates  to  and  fro, 
jtly  like  that  cloae  to  the  prong  of  the  fork,  only 
<io  later." 

"ho  motion  of  the  particles  of  air  during  the  pro- 
fttiou  of  eouud  may  be  further  demonstrated  with 
help  of  Figs.  154  and  156.  A  narrow  elit,  S  S,  is 
otit  of  a  piece  of  stiff  paper  {Fig.  156),  which  is 
er  black,  or  at  any  rate  of  a  dark  color;  this  slip 
aper  is  tlien  placwl  upon  Kig.  154,  so  that  the  slit 
Xactly  along  the  doited  Hue.  A  is  now  aiowly 
rn  along  in  the  direction  of  the  arrow,  the  piect.' 
taper  being  held  in  the  iiame  position.  At  fiii«t 
lower  extremity  of  the  curved  line   Fig.  154  it^ 

Via.  las. 


i  through  the  slit;  bnt  as  A  is  drawn  along,  portions  to 
right,  and  to  the  left,  come  succeftsively  in  view;  the  small 
io  dot,  which  is  the  only  viaiblc  portion  of  the  cnrvod  line. 
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appears  as  a  point  which  moves  firet  to  the  ri|^it  aDtl  then 
to  tlie  let^,  hikI  imitate:)  closelv  tlie  motion  of  a  ritirattn^ 
particle  of  air,  the  rate  being,  liovvever,  much  slower.  If  now 
the  slit  be  placed  over  the  dotted  line  Ki^.  l.lfi,  and  the  dip  L" 
drnmi  aloitj;  underneath  it  in  the  direction  of  the  arrow, »  ftp- 
retientation  \#  obtained  of  tlio  motion  of  a  scries  of  particlaof 
air  which  are  acted  on  by  a  number  of  successive  equal  audi- 
lutions  or  waves.  Kacli  particte  merely  moves  a  little  riebt&Dd 
iefl,  and  atwavH  comes  biiek  to  its  starting  puint:  but  the  eoa- 
densations  and  rarefactions,  represented  by  the  lines  being; 
respectively  closer  together  or  further  apart,  are  gradually 
transmilteil  through  the  whole  serioe  from  one  end  to  tlic  other. 

377.  Diasipation  of  Souad. — When  sound  passes  out  into  spw 

in  what  may  ho  calle*!  the  radiant  form,  as  where  the  sonorous 
l>ody  is  vibrating;  freely  in  air,  it  is  evident  from  (3G8).  thai  by 
dilVusion  uf  the  energy  producing  the  undulations,  iho  eounil 
must  ultimately  diminish  and  tinafly  be  lost. 

The  tlieoretical  race  at  which  the  loudness  of  a  sound  should 
change  under  these  conditions,  is  inversely  as  the  squares  of  (h« 
distances.  Aecordiiii;  to  Deschancl,  this  assumption  is  not 
Btrietly  true,  inasmneti  as  vibration  imjilies  friction,  and  friction 
implies  generation  of  heat  at  the  exiiense  of  the  energy  which 
produces  vibrations.  Sonorous  cnerg^v  must,  tberefure,  diminish 
with  distance  somewhat  more  rapidly  than  according  to  the  law 
of  inverse  squares.  All  sound,  in  becoming  extinct,  is  converted 
into  bent. 

378.  CondnctioQ  of  Sound. — If  in  place  of  creating  sound  iu 
open  space  it  is  produced  in  a  eylinurioal  tube  filled  with  air,  as 
described  in  (309).  the  rate  of  loss  is  greatly  reduced.  The 
sonorous  waves  are  no  longer  propagated  as  concentric  spheres, 
but  are  reflected  from  the  walls  of  the  tube,  and  their  intensity 
being  thereby  conserved,  they  may  be  conveyed  to  great  dia* 
tancee. 

In  the  experiments  of  Biot  with  the  Paris  water  pipes,  it  was 
found  that  eotiversation  in  a  very  low  tone  could  be  carried  ou 
through  a  pipe  1040  yards  long.  Koughncsa  in  the  sides  of  a 
tube  diminishes  ils  ability  to  convey  sound.  A  very  useful  ap- 
plication of  this  jiroperty  of  air  tubes  to  prevent  dissipation  of 
sound  and  carry  it  to  a  diRtance  ia  seen  m  the  speaking  tnbes 
generally  introduced  into  dwellings.  In  thetw  it  is  notonly  con- 
veyed, but  made  to  traverse  curves  and  angles.  ( 

f?ouiKls  may  also  be  conducted  along  such  nan-ow  channels  as 
cords.  An  example  of  this  is  oflVred  by  the  toy  telephone  or 
lover's  telegraph,  in  which  a  string  a  hundred  or  more  yards  in 
length  is  attached  to  the  bottom  of  a  couple  of  small  boxes  of 
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or  tin  :  tUesa  act  ae  tiouiidini;  boanlt^.  and  are  held  at  the 

distiinoe  of  thii  string  frotn  eacii  olhcr,  u-itli  the  cord  taut. 

If  a  person  speaks  or  whiei>er9  into  one  box,  the  vibranon« 

^uRse  alon^  the  strin^r  to  the  other  box,  and  cun  bu  timWy  buard 

Hpy  applyin^r  the  ear  thereto.    Fine  metallic  wires  are  substituted 

Hfior  Rtririg,  with  excellent  rcsultH. 

^f  Along  rodfl  ot  wood  sound  waves  pass  with  facility.  Of  this 
we  have  an  example  in  the  pastfHgeotitound  along  a  billiard  cue 
when  one  end  ic>  applied  to  the  ear  and  the  other  aeratched  by  a 
pin  or  touched  to  a  musical  box  in  action. 

The  wonderful  facility  with  which  Hound  passes  along  wooden 
roda  received  an  admirable  illustration  some  years  ajro  in  an 
K  exhibition  called  the  Magical  Orchestra.  On  the  *tage  ap- 
W  pearcd  a  set  of  stringed  instruments  each  supported  by  a 
slender  wooden  rod,  Tiie  other  extremity  of  the  rod  eommuni- 
cated  with  a  similar  inf^trument  in  a  room  beneath.  When  the 
performaiK^  began  the  muHieiati8  operated  upon  tlie  instruments 
lu  the  room  below,  the  vibnitlons  from  these  pa*ised  along  the 
rods  to  the  visifale  in8trunieiit.s,  iind  the  music  was  produced 
before  the  audience,  the  performers  being  invisible. 

•  The  vibrations  in  any  rod  along  which  sound  is  passing  may 
bo  distinctly  felt  on  touching  it  with  the  tip  of  the  finger,  but 
they  are  stopped  at  the  momcni  of  contact.  It  ia  on  this  prin- 
ciple that  tlte  dampers  of  pianos  and  other  musical  inatrumenta 
act.  Other  bodies  as  wool,  liair.  feathers,  leather,  paper,  or 
anything  which  does  not,  or  is  not  in  condition  to  condtict 
soaad,  will  destroy  it  if  they  touch  a  vibrating  body. 

Among  other  solids,  earth  and  stone  also  allow  the  pro[^taga- 
tion  of  sound  through  their  mass  even  better  than  it  cati  pass 

•  through  air.  So  the  savage  detects  the  vicinity  of  his  prey  or 
enemy  by  applying  his  ear  to  the  eartli.  In  the  transmission 
of  eoundn  along  the  stone  and  brick  of  walls  and  boams  nf  tlooi-s 
of  houses  we  otVcn  find  the  explanation  of  sitigiibir  and  otherwise 
unaccountable  noises  which  superstition  has  attributed  to  super- 
oatunU  causes. 

379.  The  Stethoscope  and  Auscultation. — Practical  application 
of  the  diHV:i>'iit.'e  in  ilic  (■<Midui'tion  of  sounds  by  solid,  liquid, 
and  gas.  is  made  in  medi<.-ine  tor  the  detection  of  changes  which 
have  taken  place  in  the  luiigK  and  other  organs.  To  this  metliod 
o(  phywcal  examination  the  name  '*  auscultation  "  is  given. 

Auscultation  consists  in  the  direct  application  of  the  ear  to 
the  chest,  or  other  part  in  which  sound  is  to  be  detected:  or 
the  intervention  between  the  ear  and  chest  of  an  instrument 

■called  the  stethoscope. 
The  earlier  or  Lactmec  stethoscope  was  a  wooden  cylinder 
perforated  through  its  axis  and  enlarged  at  its  extremities. 


It 
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possessed  a  certaiu  advantage  over  direct  application  of  I 
to  the  cbeH,  io  that  vibrations  wcro  collected  from  a  sinaller 
ares,  and  sounds  heard  could  be  located  to  greater  adrnDU^ft^j 
To  this,  various  forms  of  flexible  Btetlioscope  have  surcctU«L,J 
Some  are  double,  the  ear  piece  being  arranged  to  have  both  Mi4j 
brought  into  uae  at  the  same  time. 

In  Tig.  157  au  improved  form  of  this  instrument,  coniriTed 
by  Ki>iiig,  is  represented.     It  consists  of  a  hollow  meltlltr 

710.  16i. 
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hemisphere,  the  mouth  of  which  is  closed  by  two  disks  of  rublii 
or  membrane  A  C.  By  means  of  a  stopcock  the  space  betwe* 
the  membranes  may  be  inflated  with  air  or  other  gas.  and  iT 
double  convex  lens  formed.  To  the  metallic  lieniisphere  a 
number  of  tnhiiluros  with  elastic  tubes  are  fitted,  enabling 
etiverul  persons  to  make  observations  at  the  ^me  time.  The 
outer  membrane  of  the  mouth  is  applied  to  the  cheat  in  the 
usual  manner,  when  the  sounds  of  the  heart  and  lungs  [uiss  into 
the  cavity  between  ('  and  A,  and  thence  by  the  tube  to  ihe  ear. 

Uy  auacultntion,  physicians  detect  new  sounds  that  have  ap- 
peared ill  the  variouEt  organs  in  the  thoracic  or  otlier  cavities  of 
the  body  of  whteli  ii  brief  account  is  given  in  (397),  and  also 
flouuds  produced  in  the  abdomen  by  the  beating  of  the  fcetal 
heart. 

In  addition  to  the  rales,  rhonchi.  etc.  referred  to  above,  auscul- 
tation enables  us  to  detect  changes  in  structure  which  attend  c(tn- 
Bolidation  of  tlie  lung  by  fibrinous  and  cellular  material.  We 
have  seen  in  the  atudy  of  the  propfl^tion  aud  conduction  of 
sound  {ST.'i,  y78),  that,  us  a  rule,  sohde  are  better  conductors 
of  sound  than  gusew.  In  health  the  cells  of  the  lung  are  tilled 
with  air,  and  by  causinc  a  person  to  speak  while  one's  ear  ie 
placed  on  the  [■hest-wall.  the  sound  of  the  voice  ly  tmiismiried 
in  a  mutJied  manner  through  tlie  bronchial  tubes  and  air-cells. 
■When  the  lung  is  consolidated  by  pneumonic  or  phthisical 
deposits,  sound  is  conveyed  better  from  tlie  larynx  and  tubes. 
The  voice,  therefore,  is  louder,  as  though  the  pei-son  was  speak- 
ing immediately  under  our  ear,  in  his  cheat;  at  the  same  time 


OKNERAL    PROPERTIES    OF    80UNU. 


329 


I 
I 


diameter  xa  greatly  changed,  it  becomes  uopleasAot  and 
[■ndowed  ^vi(h  a  im^ol  tuuii,^. 

When  fluid  is  poured  into  the  t-avily  of  the  pluura  from  that 
jiuembrniie,  the  avtioti  is  difl'ercnt  to  that  described  above.  In 
liliis  case  the  cffaHioii  preeRCA  the  lung  nwuy  from  the  chest-wall, 
the  air-celts  aod  smaller  bronchi  are  closed,  and  all  natural 
rbfuviratuf}' KoiindB  are  lut^t ;  oven  the  luteneitv  of  the  voice  is 
reduced,  Bince  sonorous  vibratioriK  are  not  readily  commnnioiited 
from  gas  to  fluid.  Sometimes,  just  along  the  edge  which  marks 
the  Burfticc  of  the  fluid,  and  where  the  lung  is  consolidated  by  its 

Sresaure,  the  etfecta  of  compression  described  above  are  pro- 
ucod,  but  they  are  limited  in  extent, 

390.  Telocity  of  Sooad  in  Oues. — A  sound  produced  near  at 
hand  appeani  to  reach  the  ear  instantly,  hut  tliis  is  not  the  case 
in  reality.  We  know  that  the  lightning  flaah  has  caused  the 
thunder,  but  we  may  not  hear  the  latter  for  some  tteconds  after 
the  flash  has  vanished.  Soimd,  therefore,  requires  time  for  its 
poeaagc  tliruugh  air.  Thid  wo  might  have  foretold  from  tlie 
manner  of  propagation  from  molecnic  to  molecule,  one  taking 
up  the  vibration  a  little  later  than  the  other. 

Among  the  best  e.\|>ertiJientul  determinations  of  the  velocity 
of  sound  are  thos€^  of  Moll  and  Van  Beck,  made  by  firing 
cannon  on  two  liill-tops  about  eleven  mllee  distant  from  each 
other,  and  noting  the  time  hetween  the  flash  and  report. 
The  average  result  of  these  was  1093  feet  or  333  metres  per 
second,  at  a  temperature  of  0'^  C,  and  a  pressure  of  760  m. 
Ketimates  varying  slightly  from  this  arc  given.  They  are  duo 
to  the  different  conditions  of  the  layers  of  air  through  which 
the  sound  pai4i<ed. 

The  effect  of  temperature  on  the  velocity  of  sound  in  shown 
by  the  experimeuts  of  Kendall  in  his  North  Tole  Kxpediti(^ii,in 
which  the  rate  was  rcducL'd  to  314  metres  per  secona,  at  a  tem- 
perature of — 40°.  The  increase  in  rate  above  0°  C.  is  about  tivo 
leet  per  second  for  each  degree  centigrade.  In  England  the 
estimate  at  60"  K.  is  1120  feet  per  second. 

The  average  velocity  at  ordinary  temperatures  may  be  taken 
at  340  metres  per  second.  Since  an  English  mile  ie  about  160!^ 
metres,  sound  requires  about  4J  seconds  to  traverse  that  space. 
From  these  data  we  may  easily  compute  the  distance  of  a 
cannon,  by  taking  the  time  between  flash  and  report,  A 
lightning  flash  with  its  attendant  thunder  aUo  gives  means  for 
estimating  the  remolcnc-ss  of  a  cloud  or  storm.  An  interval  of 
half  n  minute,  in  this  case,  indicates  that  it  is  a  little  more  than 
six  miles  away.    The  computation  of  timu  and  apace  may  be 
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The  fact,  that  when  an  uir  is  plajed  by  a  band  at  a  dUtMce. 
we  bear  all  the  nutea  m  their  proper  relation  of  time  to  ewh 
other,  inciicates  that  rt?f  *)"n</.s  trncrf  ike  nir   with  rqual  vfhri'^'f 
While  thia  inny  be  true  for  sounils  of  equal  strength,  it  is  not 
the  case  when  tliey  (lifter  greatly,  for  a  violent  aound  is  then 
foiitid  to  have  a  greater  velocity  t^an  a  feebler  one.   llluritruti<^u 
of  tliis  wM  ofiere<l  by  artillery  practice  during  the  Arctic  Ex;«i;- 
dtllou  of  Captain  Parry,  in  which  persons  stalione'i  at  a  coo- 
fiiderable  distance  hoai-d  the  report  of  Iho  gun  before  they  heard 
tlic  order  of  the  officer  in  command.      In  blasting  operation 
Multett  found  that  the  larger  the  charge  of  powder,  the  loud' 
the  report,  and  the  "greater  the  velocity  of  transmission.     With 
2000  pounds  of  powder  the  velocity, according  to  his  estimate,  wi 
307  feet  per  second:  with  12.000  pounds,  1210  feet  per  neeond 

As  regards  transit  in  altitude,  Bravais  and  Martins  foimd 
that  sound  moved  at  the  same  rate  from  the  summit  to  the  ha«i 
of  the  Faulkorri,  as  from  base  to  summit. 

The  following  table  gives  the  results  of  Regnaiilt's  expp 
meats  on  the  velocity  of  sound  in  different  gases,  through  a 
tube  2O0O  metres  in  length  : 

M>tiv>  Fart 

lac  (ucuml.  |iei 

8S8.O0 


H 


Air  ... 

Ilydrogen 

Carbon  dioride 
Cnrbnn  menoxide   . 
J'rotoxidft  of  ailrog^cn 
Oleflanl  gu 


817.17 

12«1«.60 

291.90 

aa7.40 

-JHI.flO 

311.00 


10»S 
IMO 

4tUfl 

HOT 
1080 


The  velocity  of  sound  is  leas  in  damp  air;  tlie  loudueesisalao 
leas.  Dry  frosty  air  is  favorable  to  the  transmission  of  sound. 
Iti  country  regions  farmers  often  predict  a  change  in  weather 
by  the  manner  in  which  the  ringing  of  distant  church  bells 
conveyed  through  tho  atmosphere. 

According  to  PcBchei  sounds  may  be  heard  at  the  followin 
distances  in  yards; 


Tapfak 


Miukrt  report WOO 

Marching  cuiiipHDy  of  (oldivn 

Squadron  nf  covulry  at  foot  pure 

Ki|i)aclTiin  nf  mvxlrr  til  gAllup  ..... 

Hi;iivy  urtillorj  at  H^a  pKUU 

Heuvy  iinfllery  nt  gHllop 

SLmnK  human  vi>ic«  ....... 


fiOOtoSOO 

7&n 
low 

6dO 

1000 

'.>R0 
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381.  Velocity  of  Sound  in  Litinida, — The  velocity  of  sound  in 
liquids  whs  determined  by  Uolladon  and  Sturm,  in  the  Lake  of 
Geneva.  A  bell  was  struck  under  water  by  means  of  a  string, 
which  at  the  same  moment  ignited  pnwdor.  The  observer  was 
stationed  at  a  distance  \vith  an  ear  trumpet,  the  mouth  of  whU 
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wu  covered  by  meiubrano  iind  placed  under  water.  The  time 
being  meaaurt-d  bftwecii  apnuuruiicv  of  the  Qaeh  and  bearing 
Uie  stroke  an  the  hell,  the  velocity  of  iransmi^sion  of  the  sound 
wfl*  ohtained.  At  a  rongh  estimate,  it  wae  four  times  the  rate 
through  air.  The  velocity  of  sound  in  ditJ'erent  liquids,  as 
<leierraiaed  by  Wertheim,  is  aa  follow*; 

MMm 

par  tmtvai. 

Elb«r tlod 

EiMnce  of  lurpebline I2H^ 

W»tw 1437 

8ea  WKlor        ...  U04 

Mercury _        .  HTl 

Nitric  •oid      ...  .....  I6S! 

Ai^uR  immuniA IftjO 

The  elfect  of  temperature  itt  shown  by  the  following,  from 
Oattiot: 

Tntifi  jiw  •*roi»iI. 

Ktver^wntc-r  (Scmfi) .  .         .     IS°  C.  4714 

Rivw-wmer  ISeinei  .  .         ,     SO*  C.  3018 

382.  Velocity  of  Sound  in  Solids. — Many  eotids  tntnHmil  sound 
better  than  either  water  or  air.  The  ratt-  in  some  ia,  however, 
lo88  than  the  rate  in  air.  The  Jbllowitig  table  in  foot  per  second 
is  from  t^anot: 

CxHitclKiuo      .  197  Oak  .     tifi'^i 

Vf»%  2,nM  A*ti  .         .             1S,8I4 

L««d  4,0H0  Elm  .                 .     I3,r)l4 

(Md  !..117  Frr.  I.i.ail* 

HilvRT  K. .'•:>»  8ltwl  wiiv  .     irt,470 

Pin*  .     lO.flOO  A»pfii  .                      11,677 

Cttpprr  ,                         Il.WWl  Initi  |fI,8S3 

111  wood,  velocity  i»  gruatest  with  the  grain. 

Multett  gives  the  following  rfsiiUs  of  bis  uxpuriments: 

FMt 

W«l  und  826 

9intifi«<l  (luartz  iiid  alnU  lOBfl 

DUcontJniUMU  (mute 1104 

Solid  j;niuilA iai4 

The  exportrocnta  of  Gcul.  H.  L.  Abbot,  in  coiinevtiou  with 
mining  onerationa  at  Hallft'H  Point,  in  which  50.000  pounds 
of  dynamite  were  fired  at  a  single  explosion,  and  other  cxperi- 
mentJ^  made  since  that  timo,  give  far  higher  veloeitiefl  for  the 
passage  of  wavcA  througli  the  earth,  and  show  that  the  problem 
IB  «  vorv  complex  one,  (he  results  being  influenced  by  a  number 
of  conditions.  Among  these  are  the  character  of  the  explosive. 
And  the  power  a«ed  in  examining  the  tremor  waves  on  the  aur- 
Ikoe  of  the  mercury  of  the  seismomrter.     Jn  an  article  on  this  sub- 
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if  the  positions  of  the  walls  are  in  propter  relation  tu  the  speaker, 
repetitions  of  the  words  uttered 


jectin  the  "Am.  .Innrnul  of  Sciences  unci  Arts,"  vol.  xp.  page  181, 
he  aays;  "The  velocities  observed,  all  tend  to  confirm  the  idea 
that  a  alow-burtiiug  explosive,  like  gunpowder,  geuerates  aseriM 
of  gradually  incroasinE;  treniora,  wliiuli,  at  a  distance  of  a  mile, 
are  at  first  quite  invisible  with  a  lest)  AciiHitive  aciflmomcter;  and 
are  only  detected  by  it  when  near  their  niaxiuiuin  inteuaity.  If 
Lieut.  Leach's  estimate  of  time  for  the  arrival  of  the  maximtini 
wave  be  accepted^  we  have,  therefore,  for  the  first  mile" — 

Power  of  12  gives .         .     WIS 

Power  of  fl  gi»«i fi&W 

Minimum  power  (irw ISM 

383.  Reflection  of  Sonnd  from  Plane  Stirface&. —  Where  a  eystem 
of  !«ound  undulationt)  roeetH  a  barrier  which  presents  a  plane 
surface,  the  waves  undergo  reflection  accoi-iling  to  the  principles 
Iai4l  down  in  (370).     Thus,  ecfifi  is  produced  in  large  rooms,  anil 

in  proper  relation  tu  the  speaker,  ^J 
d  limy  he  so  frequent  as  seriously  ^| 
to  impair  their  acoustic  properties.  At  tlie  villa  Simonetta,  near^n 
Milan,  a  pistol  report  is  soinetiraes  repeated  fifty  times,  and  at 
Paviu  a  building  has  been  constructed  m  which  tne  lost  syllable 
of  a  (iuee>tiuti  is  answc-i'ed  or  echoed  thirty  times.  Anything 
which  presents  broken  surfaces  diminishes  the  echo.  It  is,  for 
example,  less  in  a  room  filled  with  an  audience  than  when  empty. 
Curtains  and  haiigiiisc;  of  all  det^crlpliuns  cause  a  dimiuutiou  id 
the  number  of  repetitions.  ^M 

Reflection  of  sound  waves  or  echo  also  takes  place  in  the  open  ^| 
air;  especially  is  this  noted  along  rivers  with  precipitous  hanks. 
The  discharge  of  a  gun,  or  explosion  of  a  blast  in  quarrying 
rock,  will  often  bo  repeated  many  times,  taking  on  the  character 
of  rolling  thunder. 

In  treating  of  the  conduction  of  sound  along  speaking-tubes, 
we  have  referred  to  the  retlertion  of  the  vibrations  from  the  walla 
of  a  tube.  After  their  direction  has  been  changed  they  tend  to 
advance  in  the  new  direct  course,  and  not  to  spread  out  aa  when 
radiating  from  the  point  of  origin.  Upon  this  principle  the 
speaking-trumpet  depends  for  its  action;  the  sound  is  thus 
directed  by  the  speaker  to  whatever  point  he  may  desire  with 
far  lesfi  loiw  from  lateral  diftiision  than  if  it  were  not  employed. 

Sounds  are  also  reflected  from  such  inifialpable  surfaces  as 
clouds;  of  this  we  have  an  example  in  the  roverheratiitna  of 
thunder.  When  the  lightning  6ash  is  unbroken,  and  free  from 
the  zig-zag  form,  it  ia  frequently  attended  by  rolling  thunder, 
the  echoing  reports  being  partly  the  results  of  reflections  from 
the  clouds. 
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384.  Refleotioa  of  Sound  from  Cnrred  Snrface*. — In  tlie  otudy  of 
motion  |o04j,  iiinl  uinlijlnlidiis  (370),  we  liuve  hcqu  tliat  reflection 
XAke»  place  on  the  opposite  side  of  the  normal  or  perpendicular, 
dniwn  to  the  poiiil  of  impact  of  the  incident  molecule  or  wave; 
that  the  angle  of  reflection  is  equal  to  the  angle  of  incidence; 
and  troth  lie  in  the  same  plane. 

SiTice  any  curved  surface  may  Ijc  conceived  to  conBiat  of  an 
iiilitiite  number  of  plane  surface!*,  the  law  also  appUefl  in  this 
ca&e,  and  if  the  curvature  is  oi'  projter  shape,  the  incUnations  of 
the  plane  sorfeces  forming  it  may  cause  the  convergence  of  the 
Bound  waves.  For  a  full  explanation  the  student  16  referred  to 
(481). 

Tllustrfltion  of  the  reflection  of  sound  waves  from  curved 
fiorfacce  is  ottered  by  meaiiB  of  the  paruboiic  or  conjugate  mir- 
rors used  in  experimenting  with  light  and  heat.  If  a  watch  is 
placed  at  the  focus  of  one  of  the  mirrors,  the  ticking  sound  it 
emits  will  1>e  reHeclcd  in  parallel  lines,  Pig.  IbH.    Falling  on 


Fio.  iw. 


tWnmd  In  «a«jviU-  aiUnw. 


e  nppfwite  mirror,  the  undulations  are  again  reflected,  and 
converged  to  the  fnt-us.  A  tulie  placed  at  this  point  will  convey 
thuni  to  thu  ear,  as  iiidicate<l  in  tlie  figure. 

If  sound  is  produced  at  the  centre  of  a  sphere,  it  is  reflected 
^aok  with  wonderful  intensity  to  the  same  point,  constituting  a 
poworfiil  echo.     If  produced  at  one  side  of  a  circniar  epaoc 
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under  a  beroUpbere,  a  similar  thongb  leas  marked  result  U 
obtained.  Tho  circular  gallery  under  tbe  dome  of  St.  Paul'? 
Cathedral,  in  London,  afH^rdfl  so  good  an  illtistratioit  of  this  faiL, 
that  it  is  ktiuwii  tm  the  whi6|)uritig gallery.  By  wblt^poriugcloflt: 
to  the  wall  ou  opposite  sides  of  tliis  space,  two  peruona  may 
readily  carry  on  a  couvereatioti  Aith  each  other.  In  like  tnannifr 
in  rooms  of  an  oval  form,  two  individuals  may  converse  in  u 
whisper  by  standing  at  tbe  foci,  while  tliose  at  a  short  dtstauM 
from  them  arc  nriahle  to  hear  their  couversation. 

Dr.  Arnold  relates:  "It  happcnod  on  hoard  a  ship  sailing 
south  in  the  Atlantic,  towards  Rio  de  Janeiro,  while  out  of  sigbt 
of  land,  that  one  day,  persons  ou  the  deck,  wberi  near  a  par- 
ticular part  of  it,  thought  they  heard  distinctly  the  sonnd  of 
bells.  All  were  attracted  to  listen,  and  tbe  phenomenon  wu 
mysterious.  Weeks  afterwards  it  was  ascertained  that,  at  the 
time  of  observation,  the  bells  of  the  city  of  St.  Salvador,  on  the 
Brazilian  coast,  had  been  ringing  on  the  occasion  of  a  fcstivuh 
their  sound,  therefore,  favored  by  the  wind  at  the  time,  had 
travelled  over  at  least  100  miles  of  smooth  water,  and  had  been 
condensed  by  tlie  concave  sail  to  a  focus  on  the  deck  of  the 
vessel  where  it  was  listened  to.  In  remote  country  places  there 
is  reason  to  believe  that  the  rctlection  of  dicitant  sounds  from  the 
walls  of  lonelyand  uninhabited  houses  has  sometimes  led  to  the 
report  that  they  were  haunted." 

Practical  applications  of  tbe  phenomena  with  which  we  have 
been  dealing  are  found  in  the  external  ears  or  conchs  of  men 
and  aninial&.  These  are  constructed  of  cartilage  covered  iutern- 
aU3'  by  smooth  skin,  with  the  curvatures  arranged  to  reflect 
sound  undulations  into  the  auditory  canal.  The  oar-trumpet 
also  acts  on  tbe  same  principle,  collecting  a  greatcxtent  of  waves 
by  the  expanded  lip  of  its  mouth,  and  reflecting  them  down  the 
tube  to  the  narrow  exit,  which  is  applied  to  tbe  auditory  canal 
of  the  ear  of  the  person  using  it  The  flexible  stethoscope  acts 
in  part  in  the  same  manner. 

The  speaking-trumpet  is  another  example.  Peschel  states, 
that  tbe  voice  of  a  strong  man  sent  through  a  trumpet  eighteen 
to  twenty-four  feet  in  length,  has  been  beard  at  a  distance  of 
tiiree  miles. 

385.  Kefraction  of  Soaad.^The  experiineutal  illustration  of 
refraction  and  of  its  laws  is  best  attained  in  tbe  case  of  light 
(492).  Sound  undulations  follow  the  same  laws  of  reiraction  as 
do  thoao  of  light.  This  was  demonstrated  by  Sondhauss,  who 
took  a  large  spherical  collodion  balloon,  and  cutting  segment* 
a  foot  in  ifiameter  therefrom,  Uttod  them  to  a  circular  ring.  A 
double  convex  lena  (ff28),  a  foot  in  diameter  and  four  inches 
thick  iu  the  axis,  was  thus  formed.     On  tilling  this  witlk  carbonic 
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idd  gBfi,  and  placing  a  watch  at  a  dititauce  of  a  couple  of  feet  in 

'the  axial  line,  iu  licking  could  be  found  in  t}ie  sume  line  on 

the  oppasite  bide  of  the  Tens,  at  a  proper  position.     Thie  could 

only  occur  by  a  refraction  of  the  sound  iu  the  same  manner 

H  that  light  and  heat  are  refracted. 

^  The  India-rubber  balloouft  used  oa  children's  tovs,  if  intlated 
witli  carbonic  acid  gas  produce  a  similar  result;  if  with  hydrogen, 
tbey  cause  u  dissipatiou  of  the  Huuud,  acting  u&  a  concave  instead 
of  a  convex  leni?. 

V  385  A.  Polarization  of  Sound. — In  the  ".Journal  of  the  Frankltu 
Inatitule,"  for  18H1,  FrofcsHor  S.  W.  Robinson  describes  u  scries 
ol  experiments  which  tend  to  show  that  by  means  of  suitable 
arrangcnic-nts  sound  waves  present  phenomena  of  polarization 
PMembling  those  oftorcd  by  light.  The  apparatus  employed  con- 
liated  of  polarizer  and  analyzer  formed  of  tubes  of  a  peculiar 
shape  filled  with  coat-gas. 
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EjONUKOUS  BOUIKS. 

[VibmLing  string* — Laws  of  tnttisvcnc  Tibr>tion»— NchIcb  and  loops— Vibniing 
rud* — Vibntlng  pUte*  itnd  hfttli — VkbntUtig  ni«mbninM — Vibrating  column* 
uf  &ir — Reed  inalrumenU — SIngini;  tlnia««— Synipnihelic-  vibrulion* — SvmU 
live  fianm — PrvducUvn  of  iibiiuruiBl  sounds  io  the  cbeet 

386.  Vibrating  Stringi. — The  term  is  applied  both  to  the  teiiae 
catgut  cords  and  the  wires  used  in  the  construction  of  ptauoa 
and  violins.  Stretched  cords  or  strings  may  show  either  trans- 
verse or  longitudinal  vibrations.  In  practice  only  tlie  former 
are  used.  The  string  is  sonicliniea  thrown  into  motion  by  pluck- 
uig,  or  pulling  it  to  one  side,  and  then  Ittting  it  free  suddenly, 
aa  iu  the  harp;  again  by  a  bow  the  tlireadH  ut'  which  are  coated 
with  resin,  as  iu  tno  case  of  the  violin ;  or  by  a  quick  sharp  blow, 
as  in  a  piano, 

Transverse  vibratiuns  may  be  illustrated  to  advantage  by 

stretching  a  white  cord  in  front  of  a  dead-black  surface.     If  it 

ts  long  and  heavy,  the  swaying  motion  of  the  cord  when  plucked 

can  be  followed  by  the  eye,  but  as  its  length  is  diminiitlied,  or 

itunsion  increased,  the  vibrations  become  so  rapid  that  tbu  eye  can 
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no  longer  detect  them.  The  cord  then  assumes  the  appearance 
of  a  fusiform  figure  in  front  of  the  black  surface,  and  a  moaical 
note  is  produced. 

387.  Laws  of  Tranaverse  Vibratioiu  may  be  studied  by  means 
of  the  monocord,  or  sonometer.  Fig.  159.  It  consista  of  a  rectan- 
gular wooden  box,  about  five  feet  in  length,  and  five  inches 

Fio.  169. 


Till-  inniiinetvi'. 


square  on  the  ends.  It  must  not  have  any  bottom.  The  long 
sides  may  be  half,  and  the  end  pieces  at  least  three-quarters  of 
an  inch  thick,  and  made  of  hard  wood.  The  top  should  be  con- 
structed of  soft  pine  as  thin  as  possible,  a  mere  veneer  one- 
twelfth  of  an  inch  in  thickness,  in  a  continuous  piece,  with  its 
grain  true  and  running  lengthways,  is  the  best.  A  wire  or 
string  is  attached  to  a  peg  at  the  end  D,  and  passes  immediately 
over  a  triangular-shaped  piece  of  wood,  B,  called  a  bridge.  At 
tlie  otlior  end  of  the  box  it  passes  over  another  bridge,  A,  thence 
over  the  luillcy  N,  and  terminates  in  a  rod  on  which  weights  may 
be  placed,  M. 

In  tliis  apparatus  we  may,  1st,  vary  the  tension  by  changing 
the  weight  on  the  rod  M;  2d,  the  thickness  of  the  wire;  3d,  the 
weight  or  rlensity  of  the  wire;  4th,  its  length,  by  raeana  of  the 
uiovalile  bridge  C.  The  laws  resulting  from  these  experiments 
are  as  follows: 

li^t.  Otiar  thiiujs  being  equal,  (he  itumber  of  vibratioiu  per  second 
is  inversebi  as  the  lengths  of  the  strings. 

2d.  Other  things  heing  equal,  the  number  of  vibrations  per  second  is 
inverseig  ns  the  diameters  of  the  strings. 

od.  Other  things  being  equal,  the  number  of  vibrations  per  second  is 
'IS  the  S'jnm-e  roots  of  the  teyision  nmghts. 

4th.  Other  things  being  equal,  the  number  of  vibrations  per  second 
is  invei'sefg  as  the  square  roots  of  the  densities. 

Tliese  laws  receive  their  practical  applications  in  the  construc- 
tion of  all  kinds  of  strlnsed  instruments. 


tiUNOBOUti    UUUIKS. 


387 


3A6.  Nod««  and  Loop*. — Suppose  the  atriiip  oti  the  monocord 
to  be  vibratiiijf  throu>;liout  iiR  whole  length,  and  tliun  audileiily 
caught  on  the  movable  bridge  B  at  one-third  the  dietanco  fj-om 
V  lo  A.  The  eeuliuu  ])  U  vibiutes  about  these  two  new  tixed 
potnta.     At  the  ttame  time  al)  parta  of  the  string  tend  to  move 
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I  ill  uiiiBou  with  the  HeoUou  D  B,  eonsequenllj^'  the  section  B  A 
^doL'H  not  vibrnie  »a  a  whole,  hut  it  itiibdividca  at  C,  giving-  two 
^fttectione,  B  C  and  C  A,  each  e(iua)  in  length  to  T)  B. 
^P  Suppose  tlie  movable  bridge  be  nuide  to  touch  the  cord  at 
^one-quartcr  its  length.  The  resulta  are  then  shown  in  the 
lower  diagram,  in  which  the  remaining  portion  of  the  string 

Iff^im  B  to  A  vibnitea  in  throe  sectiona,  as  indicated  by  the  rnri- 
tinnoufl  and  dotted  linea.    The  jvoints  BCfVAin  the  string* 


mro  culled  nwtcs.    The  centi-al  ]>art  of  the  fusiform  jwrlion  of  the 

string  between  these  potnta  ie  called  a  loop,  or  ventral  segment. 
The  position  of  the  nodes  and  loops  in  a  vibrating  cord  may 

bo  mode  more  evident  by  placing  jiaper  ridera  upon  the  string. 

~^ho80  at  the  nodes  are  quiet,  wnile  those  on  the  loops  are  so 

^(dontly  agitated  that  they  are  thrown  off. 
^      The  hridgc  muat  be  made  to  arrest  the  cord  at  Homo  ali{|not 
■  part  of  its  length,  to  form  sections  which  bear  the  relation  of 
"■whole  numbers  to  each  other,  otherwise  the  nodes  will  nf»t  be 

projwrly  formed,  and  the  vibrations  will  quickly  destroy  each 

otbor. 


I 


889.  Vibratingr  Eodi. —  All  elastic  rods,  especially  those  made 
of  steel,  can  be  niiulc  to  vibrate  Uotli  transversely  and  longitudi- 
-nally.  They  arc  iixcited  by  tixing  the  rod  firmly  at  one  end,  and 
acting  upon  the  tree  portion  wiih  a  violin  how.  To  produce 
lontfitudimd  vibrations,  the  rod  ie  held  in  a  narmw-jawed  vioe, 
anu  then  rubbed  in  the  direction  of  its  length  with  a  piece  of 

eated  with  resin. 
laws  of  longitudinal  are  similar  to  thoAC  of  transvei'aG 
ns.    The  longitudinal  note  given  by  a  wire  or  rod  is, 
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however,  of  much  higher  pitch  titan  the  tntiisverse  tiotenf 
same  length  of  wire.  Thia  resiultj}  tVoiii  Ibe  fact  thut  ilu  elai^ 
force  luugitudtiially  iH  greater  than  thai,  in  the  i rauarerw  direts 
tion,  consequently  the  number  of  \*ibration9  ie  greater.  Aeion 
piece  of  wire  tiniartly  rubbed  will  give  a  note  80  shrill  tiiat  hi 
positively  painful. 

To  denionstrale  the  complicated  character  of  the  inolionscifi 
ribrating  rod,  a  glass  head  .silvered  on  the  inside  Bhoiild  Ik  it 
lacked  by  a  piece  of  wax  to  the  end  of  the  rod.    This  b? 
reflecting  the  rayu  from  a  candle  flauie  will  produce  carves  of 
great  beauty. 

The  deepest  note  of  a  bar  of  steel,  or  rod  of  glasg,  is  souniioi 
by  holding  it  about  one-fourili  or  one-Hfth  of  its  length  fntiiiont 
end,  and  then  etriking  it  npon  the  miildle  or  end.  It  tbtu 
vibrates  in  three  ecgmcnts. 

Among  musical  instruments  which  depend  upon  tbe  irari^- 
verse  vibration  of  ro<l8  for  their  action,  we  inav  meutioD  ibf 
musical  muff  box  and  iunirtg-fork.     In  the  latter* 
rod  is  Iveiit  with   tbe  two   nodes  very   uc-ar  to- 

f tether.  It  vibrates  as  illustrated  by  the  dotted 
ines,  Fig.  l(il.  The  handle  of  the  fork  ia  not 
coincident  with  either  of  the  nodea,  but  between 
them,  so  when  the  prongs  vibrate  the  handle 
is  thrown  into  a  vigorous  up  and  down  motion, 
and  powerful  vibration  may  thus  be  imparted 
to  any  resonant  surface  \x\Hyu  which  it  is  placed. 
The  vibrations  of  tbe  prongs  may  be  shown  by 
bringing  one  of  them  in  the  vicinity  of  a  sue- 
penuetl  ball  of  cork  or  pith. 

Lotigitudioa!  vibrations  are  employed  in  Mat- 
loijl's  harp,  which  consists  of  u  solid  block  of  wood, 
into  which  some  twenty  thin  wooden  rodsof  differ- 
ent lengths  ai'e  fixed.  The  vibrations  arc  pro- 
duced by  robbing  them  lengthwise  by  the  thumb  I 
and  index  finger  which  have  been  dipped  in  resin  powder;  their  , 
notes  resemble  those  of  Paris  pipes. 

In  tlie  iriangk  while  vibrations  are  transverse  on  the  hori- 
zoiital  part,  they  are  nearly  longitudinal  on  the  attached  por- 
tion i^.  ^^ 

390.  Yibrating  Plates  and  Bells. — A   vibrating  plule  may  oW 
either  wjuarc  or  circulfir.     It  can  be  tixcd  cither  by  its  centre, 
or  edge;  in  the  first  case  it  is  thrown  into  vibration  by  drawing 
ft  bow  across  the  edge,  in  the  second  by  drawing  a  string  covered 
with  rosin  through  an  opening  in  the  centre. 

If  a  plate  is  fastened  in  the  horizontal  position,  and  fine  aand 
dusted  on  its  surface,  on  throwing  it  into  vibration  the  sand 
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Iters  into  rapid  movemeut,  and  linally  accumulates  iu  sym* 

"roeirical  linoH  on  the  surfactj.     Tliese  are  called  nodal  lines  or 

Chladni's  tigiircs,  Fig.  162.     Their  pottitiou  mnv  be  d<:iermiued 

^iy   tuuchitig  tbe  plate  at  tlie  duaired  poitit.     Tbe  nodal  lines 

•parate  portions  of  the  plate  in  wiiiuh  the  vibration  ie  in  oppo- 

Ite  directions.     As  thej-  are  determined  by  the  parts  which  are 

lachod,  or  fixed,  they  reprcBent  portions  of  the  plato  at  rest. 

Piu.  102. 


\ 
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lycopodinm  powder  be  mixed  with  the  sand,  the  lycopodinm 
do«H  nut  move  to  tbe  nodal  liue^f,  but  gathers  iu  little  inoDseti  ou 
^le  vibrating  parts,  keeping  up  a  violent  movement.  Aj\cr 
pozxling  physicists  for  a  long  time,  Faraday  at  last  proved  that 
this  result  was  owing  to  inward  and  ascending  currents  of  air 
|»'hich  could  act  upon  the  light  powder  in  the  manner  described. 
Gongs  and  cymbals  are  examples  of  vibrating  plates,  and  show 
nodal  lines. 

A  vibration  rod  when  bent  becomes  a  tuning-fork,  so  a  bent 

Klate  fomiij  a  bull,  goblut,  or  buwl,  and  is  subject  to  the  same 
iwe  of  vibration  as  a  plate.  Of  tbia  we  may  satisfy  ourselves 
by  turning  a  flat  bell,  like  those  used  in  a  clock,  mout^i  upwards, 
and  !<prinKling  sanil  in  the  interior.  On  sountling  the  bell  with 
a  violin  bow,  the  sand  shows  at  once  the  presence  of  nodal  lines. 
A  fineer  glass  or  tumbler  iu  which  some  water  has  been  poured, 
may  bo  canned  to  sound  by  jMissing  a  wet  finger  along  its  edge. 
£o  »troii2  are  tbe  vibrations  that  Ibu  water  is  thrown  into  rip- 
ples. Tlie  ileepettt  notes  are  produced  when  the  surface  is 
divided  intn  scctione. 

381.   Vibrating  Membranes. — Membranes    con   only    prodncc 
sounds  when  stretched  on  a  rigid  framework.    Tbe  smaller  and 

rtlic  more  tightly  stretched,  the  liiglier  the  note  emitted. 
Membranes  are  also  thrown  into  vibrations  by  sounds  pro* 
duced   in   their  vicinity,  when   ihcHc  are  in   unison  with  tlieir 
DOtBB.     When   llius   vibrating,  if  line  sand  is  duttt(>d  on  their 
surfaces,  nodal  lines  are  formed.    The  figures  pro<luced  are  not 

■418  fixed  and  invariable  as  in  vibrating  plates. 
T)if  sound  emitted  by  a  membrane  is  rather  a  noise  than  a 
true  lunttical  note.    Tbcir  use  iu  music  is  cbie&y  to  mark  tbe 
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rhythm.  The  sound  being  compound,  they  are,  therofore,  »u*. 
ceptiblu  of  vibration  under  a,  ooimideruble  range  or  variuty  of 
uoteB,  a  property  of  special  interetit  in  connection  with  the 
organ  of  hearing. 

302.  Vibrating  Colamiu  of  Air. — Air  unclosed  in  tubes  may  be 
thronm  into  vibration  and  originate  aounds,  Tlie  note  depends 
on  the  Icnfftli  of  the  column  of  air.  or  of  the  tohe.  The  oscilla- 
tions of  tne  air  particles  are  similar  in  character  to  those  by 
which  sound  is  propagated  in  air.  The  movement  is  longitu- 
•dinal,  but  f/i^  ware  h  not  pracp'tssice,  it  is  stationary.  In  a  pro- 
gressive wave  the  particles  take  up  the  movement  one  a  little 
after  the  other;  in  a  stationary  wave,  on  the  contrary,  they  take 
it  up  at  the  same  moment,  though  the  distances  through  which 
they  move  are  difl^ercnt. 

When  a  tube  speaks,  or  emits  sound,  the  particle  at  the  centre 
does  not  oscillate;  the  rest  do  to  a  greater  or  less  extent, 
those  at  the  ends  the  most,  anil  less  and  less  towards  the  centre. 
The  centre  represents  a  node,  while  the  end  of  the  tube  is  the 
middle  of  a  ventral  segment.  When  the  particles  are  most  dis- 
tant from  the  position  of  rest,  the  return  movement  liegins;  thov 
overpass  the  position  of  rest,  and  tlius  a  swaying  motion  fs 
established. 

A  tube  closed  at  one  end  ucis  like  iialf  of  a  tube  open  at  both 
ends,  the  node  being  at  the  bottom,  and  the  middle  of  a  ventral 
"segment  at  its  mouth.     It,  therefore,  gives  out  the  same  noie 
as  one  of  twice  its  Icngtli  open  at  both  ends. 

Air  columns  may  be  made  to  vibrate  in  various  ways.  Ist. 
By  blowing  air  across  the  mouth  of  the  tube.  In  Fig.  163  the 
vertical  cylinder  represents  the  mouth  of  a  tube  or  bottle.  By 
means  of  an  Indtn-rnhhcr  tube,  pinched  between  the  fingers  to 
form  a  slit,  a  blast  of  air  is  directed  across  the  mouth  of  the 
cylinder,  when  its  proper  note  is  t<ounded.  Tlie  flute,  whistle, 
and  certain  organ  pipes  are  examples  of  this  method  of  pro- 
ducing vibrating  couimne  of  air. 

Another  method  is  roprcseiit'ed  in  Fig.  164.  In  this  a  tnning- 
fork  is  made  to  vibrate  over  the  month  of  a  tall  narrow  jsr. 
Water  is  then  poured  into  the  jar  until  the  column  of  inclndod 
air  is  of  tlie  proper  lengtli  to  vibrate  in  uniRon  with  the  fork. 

A  third  method  is  thus  described  by  Weinhold:  "If  a  current 
of  air  is  blown  bi^tween  two  flexible  bodies  which  are  in  mode- 
rately tirui  contact  with  one  another;  as,  for  int^tancc,  between 
the  closed  lips,  or  between  the  fingers  of  the  hand  placed  dat 
upon  the  mouth,  or  between  the  lips  and  a  leaf  held  close  before 
them,  a  sound  may  bo  produced  which  is  caused  in  a  similar 
manner  to  that  of  the  siren  (407).  The  compressed  air  forces, 
its  way  out  by  slightly  pushing  aside  the  two  bodies;  which,  inj 
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inscfiuciicc  of  their  elasticity,  iriBtantly  return  to  thoir  original 
position,  aud  aro  immediately  afterwards  agftin  pufthed  back  by 
the  current  of  air;  the  game  movement  is  rupeatod  iiiauy  times 
in  rapid  «ucceMion;  a  seriea  of  impulses  it*  thus  given  to  the 
Air,  and  u  note  h  produced.  The  pitch  of  thie  tone  naturally 
depend!),  ah  in  other  Tube»,  upon  the  Icnf^h  of  the  vibrating 
column  of  air." 


FiQ.  l«8. 


Fio.  104. 


touBdlBV  *■■'■'■ 


TlbnUug  eiAutiu  uf  air. 


**It  ia  thus  that  notes  are  produced  in  all  wind  instruments, 
except  the  (lute.  In  braas  instruments  the  lips  form  the  soft 
rifaratinfi;  parts;  in  wood  instruments,  for  example  in  the  ula- 
rioneC.  tiie  air  is  forced  through  ^  rCede,*  formed  of  two  thin 

etuHtic  plales  of  wood  or  cane." 

393.  Keed  laitrnmentt.^The  sotl  elastic  plates  of  wood,  caue. 
or  reed,  u»cd  in  the  clarionet  and  similar  instruments,  differ 

seutially  in  action  from  the  strong  sprinj^y  tongues  in  the  con- 
titia,  accordeon,  harmonium,  and  reed  pipca)  of  the  organ. 
fn  the  former,  ihc  length  of  the  column  of  nir  controls  the  rate 
of  vibration  of  the  reed;  tbe^  are  called  mOuth  instrumente.  In 
the  hitter,  the  rate  of  vibratioti  is  independent  of  the  column  of 
air*  it  is  governed,  ae  in  the  tuning-fork,  by  the  length,  thick- 
new,  and  shape  of  the  tongue  or  reed.  Therefore,  they  are 
called  reed  instruraents, 

"In  reed  tuslrumenta  the  metal  tongues  are  thin,  long,  nar- 
row rectangular  platott  of  hardened  brass  or  Gorman  silver,  fixed 
by  their  thicker  ends  upon  a  plate  of  metal,  usually  of  zinc, 
nearly  closing  a  rectangular  slit  in  the  plate.  In  Fig.  165, 
A  represents  the  exterior,  B  a  section  of  such  a  tongue.     The 
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plftto  with  the  tongue  fixed  upon  it  is  called  a  '  reed ; '  it  is  &s- 
tened  furmiug  one  side  of  a  small  box  into  which  air  cad 
be  forced  through  an  otwning.  Tlmt  side  of  the  pinte  upon 
which  the  tongue  is  fixed  i»  turned  towards  the  ineido  of  the 
box;  OS  the  cnrrent  of  air  escapes  from  it,  it  prettseii  tlie  tongue 
%a  the  direction  of  the  small  arrow  into  the  bHi  of  the  ptate, 
aa  indicated  by  the  dotted  line;  the  sht  is  for  an  instant 
more  complctclv'  c1ok»1  than  before,  and  the  cnrrent  ot  air 


ahnost  entirely  interrupted.  Tlie  elasticity  of  the  tongue  ii 
niediatoly  causes  it  to  return  to  itii  tirnt  position:  a  passage 
thus  ruoi>ened  for  the  air;  tlie  current  is  reestablished  iind 
carries  the  ton<;uc  with  it,  as  before,  so  as  again  to  obstruct 
ite^own  path;  the  tongue  then  springs  back,  and  the  action 
is  repeated  so  long  as  air  is  forced  into  the  box.  If 
Fio.  ififi.  the  tongue  is  simply  bent  down  with  [lie  finger 
and  released,  it  will  vibrate  to  and  fro.  but  no 
sound,  or  only  a  faint  trace  will  be  heard;  hence^ 
the  sound  is  solely  due  to  regular  periodic  inter- 
ruption of  the  current  of  air,  as  in  the  siren." 

3M.  Singing  FlamM. — MuMcal  sounds  nmy  also, 

be  produced  by  caut^ing  a  gas  tianie  to  Imrn  in  the' 

interior  of  a  lube.     An  apparatus  of  this  descrip* 

tioo  has  long  been  known  as  the  chemical  harmonieon. 

It  consists  of  an  arrangement  for  the  generation  of 

hydrogen  (104),  in  which  the  escape  tube  B  passes 

directly  upwards   from    the   decomposition  IhiiiIcj 

and  is  drawn  to  a  fine  jet,  Fig.  Ififl.     After  a  suffi-, 

giii0iif  ■>«««-     cicnt  amount  of  gas  has  been  allowed  to  escape, 

and  there  is  no  longer  any  danger  of  an  explosion, 

the  gas  is  liglitcd.    Glass  tubes  of  different  length  and  diameters, 

aod  open  at  both  emls,  are  then  lowered  over  tbe  flame,  as  at  A. 

At  certain  positionti  in  some  of  these  tubes  the  flame  vibrates. 

and  sounds*  or  niuiiical  notes  are  emitted. 

The  I'liuse  of  vibration  under  these  circumstances  is  an  irrec^ 

ular  union  of  the  gas  with  the  oxj-gcn  of  air.    By  some  it  is 
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c«11e<l  expliVive.  The  nmiiner  of  unirtii  of  the  two  gases,  aad 
tht.'  nitL' of  [>roUuctiuii  of  "exploeions"  uru  ilelertuiiieil  by  the 
relations  of  the  tiize  of  the  tluine  to  the  diameter  and  length  of 
th«  tube.  Sometime!)  the  sound  h  a  rattling;  uoise,  At  others  a 
low,  aiid  then  a  hi;;h  musical  note.  . 

If,  while  the  Hame  is  singing,  we  observe  its  reflection  id  a 
mirror  rotating;  on  a  vertical  axiti,  it  is  eocn  to  be  alterimt«ly 
inerejising  and  diminisihing.  A  rtories  nf  jmaafcs  of  the  Hame, 
consisting  of  elongated  uquidistant  tongues  with  deprctisions 
between  tbem,  is  tnuK  produced,  and  the  cause  of  the  pul>wlions 
exposed.  A  coal-gas  flame  escaping  from  a  circular  jet,  like 
that  at  B,  may  be  used  instead  of  the  hydrogen  tiamo. 

895.  Sympat]i«tic  Vibration  is  also  called  vibration  by  mlluence. 
It  may  arise  in  two  ways :  Ist.  By  direi-t  roritael  with  the  vibrat- 
ing object^  and  transmission  of  the  sonorous  undulations  there* 
from.  2d.  liy  transmission  of  the  waves  through  air  without 
any  direct  contact  of  the  two  sounding  bodies,  and  when  they 
uru  at  a  distance. 

Of  the  fin*t  form  we  have  an  example  wbeii  tiio  end  of  the 
hMiidle  of  a  vibrating  tuning-fork  In  placed  on  a  table  or  other 
rvtfonant  surface.  The  vibration  is  then  communicated  to  an 
oxtended  area,  and  the  sound  greatly  increased,  ihoiigh  i(  does 
nut  ertdure  i<o  lotig  a  time.  Exainpleu  oi'  the  application  of  this 
priiieipleur«  found  in  the  sounding  boards  of  pianos,  violins,  and 
nniny  other  mu-sieal  inc*trument8. 

Listauees  of  the  second  form  of  sym|>atbetic  vibration  are 
oti'ercd  whenever  the  right  note  is  sounded  in  the  vicinity  nf  a 
touoroufl  body  capable  of  emitting  that  note.  If,  for  example, 
a  given  note  is  t^truck  on  some  instrument  iti  the  proximity  of  a 
nano,  tanc*!  in  hnrmotiy  thei-owith  and  with  the  dampers  raise*!, 
'le  ]>ro|»er  string  on  the  piano  is  instantly  thrown  into  vibration, 
id  it  auBwers  biiek  the  note  received.  If  two  glass  cylindera 
of  similar  dimensions  are  adjusted  by  pourlug  water  into  them 
until  tlicy  give  fortii  the  same  note,  and  one  is  sounde<),  the 
other  at  once  takes  up  the  nolo,  and  continues  to  give  it  forth 
long  uHer  the  liri^t  hss  become  silent.  A  harp,  or  gutlar,  may 
oReii  be  hearii  Inking  part  in  the  conversation  in  its  neighbor- 
hood. The  jingling  sounds  given  forth  by  wine  and  other  glasses 
when  a  piano  is  in  action,  arise  in  the  same  way.  The  violence 
of  the  tremor  produced  is  frequently  so  great  tliat  a  goblet  may, 
by  sounding  a  note  on  a  violin  near  by,  be  made  to  fall  on  tlie 
floor  if  the  table  be  slightly  inclined  and  bar*  of  covering. 

S96.  8«juitive  Flames. — Gas  flames  may  in  like  manner  be 
ai^justed  to  be  affected  by  certain  tones,  and  respond  to  them 
whenever  produced  in  their  vicinity.     The  best  way  of  form- 
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iDg  such  a  smsitive  Jiame  ib  to  bum  coal-ga8  under  sufficient 
preastire  from  a  conical  orifice  to  make  a  lapi-'rinE^  llanie  aboot 
tit^een  inches  in  length.  If  the  bands  be  clapped  iu  the  vicinity 
of  such  a  Hawi!,  uf\er  it  has  been  prn[icrly  adjusted,  its  tall  riuiver- 
ing  form  inslautly  drops  to  half  its  height.  It  may  spread  our 
lateratlv  and  assume  the  tish-tail  »hapu.  The  moment  tlie  sound 
eeasca  it  instantly  rcoflRumcii  its  proper  form. 

Sennitive  tlamee  take  cognizance  of  ii  great  variety  of  eoundB; 
a  tap  on  a  table,  clinking  of  money,  creaking  of  e>ljoea,  crump- 
ling of  paper,  shaking  a  bunch  of  Keys,  all  throw  it  into  a  state 
of  exciteuient. 

If  a  person  whistle  in  the  presence  of  a  sensitive  flame,  when 
the  proper  note  is  produced  it  instantly  shrinks  and  echoeci 
back  the  same  note.    To  a  hias  sutih  flames  are  especially  re-| 
fiponsivc,  they  will  quiver  every  time  a  word  conrnining  the  letter] 
«  is  pronounced  in  their  vicinity,  though  the  person  speaking 
paesea  away  to  a  vonsiderable  distance. 

While  affected  by  a  great  number  and  variety  of  sounds, 
sensitive  flames  do  not  respond  to  the  bass  notes  of  a  piano. 
High  notes  on  a  violin  affect  them,  and  they  will  dance  in 
perfect  time  to  a  tune  played  on  moet  musical  instrumenta. 

387.  Predaetion  of  Abnormal  Sounds  in  the  Chest. — According 
as  the  lun^,  heart,  and  artenes  of  the  ehetst  are  affuctcd  by  dis- 
ease, certain  abnormal  Bounds  appear  which  are  indicative  of 
changes  which  have  laken  place  therein  (879). 

In  disuatied  ccnditions  of  the  lungs  the  nornuLl  respirator^i 
murmur  produced  by  the  transit  of  air  along  the  passages  be*' 
comes  greatly  altered.  These  changes  are  etFected  in  various 
ways:  Ist.  The  secretion  of  the  mucous  membrane  may  be 
deficient  iu  quantity,  thus  a  dryness  is  created  by  which  tlie 
ordinary  respiratory  miirmui'  becomes  exaggerated  by  friction 
arising  simply  from  the  piiftRage  of  air  over  a  dry  instead  of 
a  properly  lubricated  surface.  2d.  There  may  be  accumulation 
of  tluid  in  the  air  cells  and  minute  or, capillary  bronchi  commu- 
nicating therewitli.  The  bubbling  of  air  tJirough  tliis  gives 
rise  to  a  tine  crackling  or  crepitant  sound.  3d.  Plugs  of  tough 
mucus  aucuiimhiting  in  the  ine<iiuni  sized  and  large  lironohi  are 
thrown  into  \-ibmiiou  by  the  passage  of  air.  The  giiseous 
contents  of  the  tubes  are  tliua  caused  to  oscillate,  and  hissing, 
squeaking,  crowing,  vvhi-ttllTig  sound-i  arise,  these  are  the  rftles 
and  rhoncbi  of  whicli  physicians  speak,  and  which  may  often 
be  heard  ai  a  distance  of  some  feet  from  a  person  suffering  with 
bronchiti-i.  Finally  the  lung  structure  may  become  consolidated 
and  the  admissioTi  of  air  prevente4l:  this,  of  course,  is  attended 
by  complete  BU[>preHsion  in  the  affected  part  of  all  natural 
sounds  produced  during  healthy  respiration. 
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PftMing  from  cousideration  of  changes  in  the  iuterior  of 
Uie  lan^to  tho8c  which  take  place  in  tie  covering  membrane, 
or  plenro.  and  the  cavity  in  which  the  lung  is  suspended,  we 
find  ;  That  when  Kbrinous  matter  appears  on  the  surface  of  the 
lung,  or  on  the  inner  wall  of  the  chest,  the  memhrnne  or  pleura 
loaing  ittf  smoothno-w  becomes  rontchi-iied  ;  the  two  tturfuces  no 
longer  glide  over  in  a  noiselees  nmnner,  but  various  rubbing, 
and  other  harsh  sonnds  arise  which  indicate  the  change  that 
haa  occurred. 

In  health  the  sounds  of  the  heart  are  expressed  bv  the  syllables 
lublvdup.  Of  these  the  second  is  simple,  it  is  eWdently  caused 
bv  closure  of  the  semilunar  valves.  The  first  is  compound, 
being  ]>oa«ib1_v  partly  muscular,  hut  chiefly  valvular,  and  corre- 
sponding to  closure  of  the  auriculo-venlricular  openings.  With 
dlaeased  conditiont)  of  the  valves  great  changes  in  the  heart 
soands  are  produced.  If,  for  example,  their  lipa  are  roughened 
by  fibrinous  or  osseous  deposits,  vibrations  arc  creutetl  which 
originate  new  or  abnormal  B<»niida  that  attend  the  sound  or 
MMago  ot"  blooil  through  llitin.  If  thoy  Jail  to  close  the  open- 
ings properly,  the  blood  passing  backwards  after  im[ierfect 
closure  originates  new  regurgitant  murmurs,  or  other  noises, 
which  attend  proper  heart  sounds. 

In  its  passage  alun«rthe  great  arteries  of  the  cheat,  no  sounds 
, other  than  those  of  the  heart  are  heard,  but  with  changed  con- 
ditions of  the  arteries,  as  in  utberomatous  or  osseous  deposits 
on  their  inner  cout,  or  the  formation  of  ancuriamal  sacs,  noises 
produced  by  past^ago  of  the  blood  over  rough  surt'aces  or  its 
entrance  into  the  aneuriRmal  c^avity  iirise ;  these  are  known  as 
aiK-urinmal  murmui-s. 
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CHAPTEK    XIV. 

SPECIAL  PROPERTIES  O?  SOCND. 

Spwift]  propertK*  of  ivuoda — tnt*D«ity  of  toiindi — Diminuttop  tn  lnt«Mit;  ti 
•ound*— InctWMotn  lateniilT  vf  founds — Uuinl'uicvmvnt "f lounda — RetMHiiet 
and  percuasion — Inteifemioeof  bouikJ  undulad»n<— Pitch  or  tone— Sanut't 
wh«(!<l — Ttio  siren — The  giaphic  method — LimiUof  perception  of  Tibf«tJo«i 
— TtM  uctave — llie  g*iaul  and  i-liromatic  iwle — Musical  itoUtUMi — Number 
of  ribmtion*  Ui  <*cb  ton^— Hanaonict,  orertoae* — Ijiiality  or  timbro^^Vat ■'■ 
l«<D);tb*  of  Kiiinda  tn  air. 

398.  8ouiida  ilo  iiot  act  alike  u|ioti  our  seueo  of  hoariiip:.  The 
(litiurtiK-es  prosented  may  hv  grouped  under  three  divisions, 
viz.:  iBt.  Ititctii>ity  or  )oudut!tt».  2d.  Pitch  or  hcij^ht,  by  tliiH 
we  mean  iliat  it  is  high  or  low,  acute  or  grave,  in  the  musical 
Bcale.  3d.  Quality,  timbre,  slanip,  or  color,  by  which  terms  we 
iniiicalo  that  tho  eaiiic  note  varies  when  produced  on  ditfercnl 
instrumenta ;  on  the  cornet  and  piano,  tor  example. 

399.  IctflOBtty  of  Sounds. — Regarding  the  uauao  of  the  loudneKE 
of  souiidct,  a  very  ^intpie  experiment  will  satisfy  ub.  Let  a  given 
low  or  basti  string  uti  the  piuno  be  struck  sottly,  the  string  iu 
emitting  the  note  will  be  seen  to  vibrate  with  a  small  amount  of 
amplitude.  Then  l«t  the  same  uote  be  struck  with  vifor,  a 
much  louder  sound  is  produced,  and  tlic  string  is  eeeii  to  have  ii 
far  greater  extent  of  vibratiou.  As  the  not*  gradually  dios 
away  the  amplitude  of  vihrutton  becomes  less  and  lees  until  it 
is  lost. 

The  tntriuBic  or  orii^inal  intensity  of  any  sound,  therefore. 
depends  upon  the  aiupLiludu  of  vibrations  iu  the  sonorous  bw]y, 
or  the  force  with  which  they  are  executed.  In  comparison  with 
wavea  on  water  it  would  bo  represented  by  the  height  of  the 
wave  (131).  Doubling  or  tripling  the  extent  of  vibration,  in- 
er^tasea  intensity  four  and  nine  tinies. 

Lord  Rayleigh  deternriued  the  amplitude  of  oscillation  in  the 
case  of  waves  produced  by  a  pipe  which  sounded  the  note/'' . 
that  could  be  heard  at  a  distance  of  H20  metreti,  and  found 
it  was  less  than  one  ten-niiilionth  of  a  miltinieire. 

400.  Dimiaation  in  Intensity  of  Sounds. — In  this,  as  in  the  dis- 
cussion of  many  other  matters  in  connection  with  sound,  the 
dubjeet  may  be  viewed  iu  two  ways  :  Ist,  as  reganla  vibrations 
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in  the  body  wliervin  it  originates;  and,  2d,  t}ie  wnves  by  wbiob 
it  reacbea  the  e»r  tlirougn  tbe  air  or  otluir  eon  (In  cling  elaatic 
medium. 

In  tbe  proflenl  caeo,  diminution  in  intentjity  muy  arise  from  tbe 
fact  that  tbe  oripual  vihrtttiona  in  the  sonorona  body  are  small 
in  ibeir  amplitude.  Settinj;  tbie  cause  aside,  and  dealing  witb 
that  of  the  prnpapiiioii  t-lirough  the-  air  or  other  medium  (o  tlie 
ear,  we  have  the  loUowing  caiiaea  of  diminution  in  iiitensiry : 

iKt.  Tbe  edt'cL  of  diiiUiiee  in  tbe  open  air;  witli  tbi^  all  are 
5Lmiliftr,  The  law  under  which  dimtnution  takes  place  in  that, 
the  intaufity  of  the  sontid  is  uatrscli/  ae  the  square  of  tht  tlittanee  of  the 
timorous  body  from  the  mr. 

2d.  Anotner  cause  is  the  diminution  in  density,  or  elasticity, 
of  the  air  or  other  medium  by  whiuh  sound  is  transmitted.  Of 
this  we  have  an  illustration  in  the  experiment  of  the  bell  iu 
vacuo;  as  tlie  air  is  exlmuoted  loudness  of  tbe  sound  diruinisbes. 
In  rarefied  air  ou  a  niountaiii-top  a  pistol  rejiurt  is  insignifi- 
cant.  and  tbe  voice  Iwcomc*  remarkably  thin  and  weak.  In 
like  manner,  if  a  hell  be  rung  iu  an  atniospbere  of  bydrtjgen, 
the  intensity  is  Itrss  than  in  air. 

8d.  Variation  in  the  intensity  of  a  sound  at  a  distance  is  also 
pro<luccd  by  the  action  of  winds.  Daring  a  calm,  sound  is  pro- 
pagated with  great  facility.  While  a  wind  is  prevailing,  Round 
ta  butter  heard  at  tbe  same  distance  in  the  direction  of  tb« 
moving  air  than  against  it. 

■Itb.  Striititication  of  the  air  exerle  a  singular  eftet.-t  in  lessen, 
ing  the  intensity  of  a  sound.  Of  tins,  (ranot  miys:  "  Ditl'erenI 
parts  of  the  earth's  surface  are  unequally  heated  by  the  sun, 
owing  to  tbe  shadows  of  ti-ees,  evaporation  of  water,  and  other 
(■ansi>fi,  HO  that  in  the  atmosphere  there  are  numerous  nfioi-nding 
and  descending  currents  of  air  of  difleront  density.  Whenever 
a  HonorouH  wave  pati»es  from  a  niedinni  of  one  deui^ily  Into 
another  it  undergoeA  partial  reflection,  which,  though  noistroni; 
«nougb  to  form  an  echo,  distinctly  weakens  the  direct  sound. 
This  is  doubtless  the  reason,  as  Humboldt  remarks,  why  sound 
truTeU  further  at  night  than  at  davtime." 

'*  It  has  generally  been  considered  that  fog  in  the  almoHphoro 
iaa  great  dea<lener  of  riound;  it  being  a  mixture  of  air  nnd  glo- 
bules of  water,  at  eacli  of  the  innumerable  surfaces  of  contact  a 
portion  of  the  vibration  is  lo«t.  The  evidence  as  lo  the  influence 
of  this  property  is  conflicting;  recent  researches  of  Tyndall  show 
that  n  white  fog,  or  snow,  or  hail,  are  not  important  obstacles  to 
the  trantnnission  of  sound,  hut  that  a(|ueonB  vapor  is.  Kxneri- 
ments  made  on  a  large  scale,  in  order  to  ascertain  tbe  best  fortn 
of  fog  signals,  give  some  remarkable  results, 

**  On  some  days  which  optically  were  quite  clear,  ceitain  sounds 
could  not  be  beard  at  a  distance  fur  inferior  to  (even  less  than 
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one-third)  that  at  which  they  coiitd  be  heard  during^  a  tbiok  haze. 
Tvndall  ascribes  thi:^  result  to  the  preaetice  in  the  atmoephere 
of  aqueous  rapor,  which  forme  innumerable  8lri^e  that  do  not. 
intorforo  with  ita  optical  ulcameas,  but  render  it  ucousticalty 
turbid,  the  sonnd  beinpj  reflected  by  this  invisible  vapor  jueliiA 
light  ia  by  a  vi^iblu  cloud. 

"In  1822  experiments  were  made  on  sound  by  a  commiamn 
near  Paris.  In  these  caunoo  were  tired  at  two  stations  twelve 
miles  apart.  On  one  occasion,  while  all  the  shots  fired  at  llic 
fii-8t  station  were  heard  at  the  second,  only  one  out  of  the  iweke 
tired  at  the  second  were  heard  at  tbe  tirst.  As  there  was  uo 
wind  at  the  time  to  account  for  this  dttference,  ProiessorB  Stokeft 
and  Reynuldij  explained  it  uixin  the  theory  of  refraction  (880). 
The  ruysof  HOiiud,  they  said,  like  those  of  light  and  heat,  are  sub- 
ject to  refrai-tion  whun  they  pass  from  one  medium  into  another 
of  a  different  density.  The  sound  under  these  circumstances  is^ 
liAed  from  the  ground,  and  may  be  beard  at  a  high  but  not  at  1 
low  level. 

"  These  conclusions,  first  drawn  from  observations,  have  been 
Vi-Titicd  by  laborntory  experiments.  Tyndall  bus  shown  that  » 
medium  consisting  of  alternate  layera  of  light  and  be^vy  gU6 
deadens  sound,  and  also  that  a  medium  cunsisling  of  alternate 
strata  of  heated  and  ordinary  air  exerts  a  similar  influence. 
The  same  is  the  cose  with  au  atmosphere  containing  the  vapors 
of  volatile  liquids.  So  long  as  the  continuity  of  air  is  pre- 
8e^^•ed,  sound  has  great  power  of  passing  through  the  inier- 
stices  (if  solids:  thus  it  will  pass  through  twelve  tolds  of  a  dry 
silk  handkerchief,  but  is  stopped  by  a  single  layer  if  it  ts 
wetted." 

401.  Inoreas«  in  lotensity  of  Sounds  may  be  produced  :  Ist.  By 
increase  in  amplitude  of  the  vibration  in  the  sonoroua  body. 
This  we  need  not  discuss. 

2d.  I}y  increase  in  the  density  and  conduetiug  power  of  the 
medtuni  through  which  the  sound  is  pasahig.  In  operations  in 
caissons,  for  example,  when  the  fbundations  of  the  piers  of 
bridges  are  to  be  laid  in  deep  water,  tbe  compression  of  air 
may  be  carried  to  a  number  of  atiiiospheres.  Under  these  cjr- 
cumalancc*  its  conducting  power  ie  greatly  increased  and  sounds 
become  ititolerably  intense.  The  substitution  of  a  medium  of 
higher  density  and  conducting  power,  as  of  carbonic  acid  gas 
for  ordinary  atr,  also  increases  the  iiitouslty  of  transmitted  sound. 

3d.  By  reinforcement. 

402.  Eeioforcemeat  of  Sounds  may  be  accomplished  in  throe 
ways:  Ist.  By  resonance  or  synchronous  vibrations  in  other 
bodies;  2d.  By  reflection;  3d.  By  refraction. 
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Reammnee  mav  be  doliiied  as  a  Kyn> pathetic  vibration  (JJ9&), 
resultinf^  from  tne  acciiniulation  of  small  periodic  ituj>ul8e8  im- 
partutl  by  outi  eiuimroua  Ixnly  to  another  who&c  fK'rioi)  or  time 
of  vibration  in  ayiichroiiotis  with  it.  Thus  increaaed  amplitude 
of  movement  ia  produced,  just  as  wbea  one  person  in  swin^ng 
|jiaother  gives  u  great  extent  of  oscillation  oy  repealed  pushes 
of  moderate  force. 

The  a[iparatu8  represented,  Fig.  167,  was  contrived  by  Suvart 
\to  illufitrute  ihia  method.     It  consists  of  u  brass  bowl  A,  which 
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F^B  made  to  vibrate  by  means  of  a  violin  bow.  On  bringing 
Into  itfi  Ticinit^'a  hollow  eyiitider  of  card-board  U,  closed  below 
and  open  above,  the  intensity  of  sound  is  greatly  increased^  the 
*ir  in  the  card-board  box  being  thrown  into  vibrations  which 
are  synchronous  with  those  of  the  brass  vessel.  By  moving  the 
bottom  of  the  card-bourd  cylinder  higher  up  or  lower  down, 
and  varying  its  capacity,  its  pnini  nf  maximum  at^tion  is  easily 
found. 

The  80uudiiig-boards  or  boxes  of  stringed  instrnnients  act  in 
a  similar  manner,  their  vibrations  and  that  of  the  included 
air  resulting  partly  by  transmisBion  through  the  bridge,  and 
partly  by  syinpathLtic  vibi-atioit  through  the  air.  The  smooth 
cnrved  spiral  surfaces  of  the  interior  of  many  shells  enable  them 
to  collect  and  reproduce  sounds  which  reach  Iheni.  'J'hus 
arises  the  "curious  murmuring  resonance''  that  is  heard  when 
tbey  are  held  to  the  ear,  and  which  in  the  fancy  of  our  fore- 
lutJiers  wa»  as<;ribed  to  some  occult  intluence  of  their  ocean 

According  to  some,  the  sound  heard  in  u  shell  is  the  result  of 
the  contact  of  its  mouth  with  the  warm  skin  of  tlie  face,  which 
CAtablishes  ctirreuts  of  air  that  are  reverberated  in  its  spiral 
depths. 

The  cause  of  reinforcement  by  reflection  (884)  arises  in  the 
fact,  that  a  great  extent  of  Koutid  undulations  \s  brought  down 
to  the  same  focus.  It  is  the  reverse  of  what  happens  in  the  dis- 
«ipatioo  of  souud  (377).     If  under  these  conditious  of  reflection, 
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the  utidulatiouH  are  of  considerable  wave-leiic^th,  they  will  agrte 
80  Dearly  in  pbuse  that  there  will  be  but  little  interference,  aud 
the  increase  in  inteusitv  will  follow  very  closely  upon  increase 
in  the  condensing  surface. 

Reinforcement  by  refraction  (385)  is  somewhat  more  complex 
in  character  than  reiuforccaient  by  reflection.  It  require^  ttit- 
UAC  in  the  convex  membranous  chamber  of  a  gas  denser  than 
air,  carbon  dioxide,  for  example.  The  general  priuciplee  ar« 
the  same  aa  fur  light  (490). 

403.  fiesonauce  and  Fercai«ion. — As  we  have  stated  iu  the  pre- 
ceding article,  the  accumulation  of  sonorous  impulses  by  an 
enclosed  mass  of  air  produces  resonance,  or  an  increase  in  tbe 
intensity  of  u  sound.  This  property  of  resonance  has  valuable 
appHoaiioiiri  in  the  art  of  diagno.sia,  as  it  enables  physicians  to 
determine  whether  a  given  space  or  cavity  contairifi  air,  or  not. 

The  Bimpleyt  illuHtmtion  of  the  resonant  property  of  enclosed 
air  may  be  obtained  by  tapping  on  the  outside  of  a  closed  keg 
partly  tilled  with  water.  \Vhile  the  blows  are  delivered  on  the 
portion  occupied  by  water,  only  a  dull  or  flat  sound  can  be 
elicited ;  but  the  moment  they  are  transferred  to  the  portion 
occupied  by  air,  a  loud  rcsonanc  imtc  is  produced. 

In  like  manner,  if  we  place  the  index  6nger  of  the  left  hand 
on  the  chest  wall,  and  with  the  index  and  middle  finger  of  the 
right  hand  strike  quick  sharp  blows  upon  the  index  of  the 
left,  the  chest  emits  a  resonant  sound  as  it  is  filled  with  air 
contained  in  the  expanded  lung.  To  this  manipulutiou  the 
name  of  percussion  is  given. 

If  ptTicUHMion  is  applied  in  the  same  way  to  thecbest  of  aperson 
in  wlmm  the  lung  is  eonsolidateii  by  j>neumonic  or  tuberculous 
depoeita.  or  whose  pleural  cavity  is  tilled  with  fluid  or  other 
exudation,  only  a  dull  flat  sound  can  be  evoked;  the  resonance 
previously  obtained  is  entirely  lost,  and  the  result  may  be  com- 
pared to  that  produced  by  applying  percussion  to  the  muscles  of 
the  thigh. 

Any  cause  which  increases  the  amount  of  air  in  the  hmg  will 
add  to  its  resonant  jironerty.  Therefore,  in  emph;y'sema  or 
enlargement  of  the  air-cells;  in  the  formation  of  cuvities  which 
follows  tubercle  and  gangrene;  in  perforation  of  the  lung  and 
escape  of  air  into  tlie  pleural  cavity,  a  notable  increase  in  this 
respect  is  found  on  examination  by  percussion. 

Any  change  in  the  normal  area  occupied  by  the  heart  is  also 
at  once  detected  by  an  increase  of  the  area  of  dulness  it  aflbrda 
on  application  of  percussion  to  the  chest.  Tumors  of  all  kinds, 
especially  those  which  are  aneuriflmal,  indicate  their  presence  in 
th©  chest  by  creating  abnormal  regions  of  duiness. 

Pei-cusaiou  is  also,  at  timos,  a  valuable  aid  in  determining  the 
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conditioQ  of  the  abdominal  viscera.  Tympanitefl  or  increase  ot 
air  in  the  intestines,  nr  itfl  uppeiiraiicc  in  tlic  abdominal  ca\'ity, 
ii  at  once  detected  by  iticreaactl  roaonanee.  Kniargement  oi 
Drguufi,  a»  the  uteruK  in  pregnancy,  llie  ovariett  in  the  growths 
wnieh  afleot  them,  and  the  nver  in  certain  (IJBeases,  is  at  once 
(leroouBtrated  by  increase  or  chauf^e  in  the  areas  of  dutneae 
which  they  give  in  the  normal  state. 

404.  Interference  of  Sound  UadQlations. — Tn  (871)  it  was  stated 
(hat  two  systems  of  waves  on  water  may  interfere  in  such  a 
tnanner  a«  either  to  reinforce,  or  neutralise  one  another.  The 
same  phenomena  arise  in  the  caae  of  sonorous  waves. 

If  two  aygtcms  of  nound  undulations  pnsfl  alon^  the  itame 
medium,  the  motion  of  any  particle  of  the  medium  is  determined 
by  the  motions  of  tlio  two  systcme.  If  both  the  8}i*teins  are  in 
the  Bunie  pliase,  the  resultant  is  ttiei  r  sum.  If  in  opposite  phases 
it  is  thctr  dit1erenc«,  since  they  partially  ncutra)i;;e  each  other: 
if  the  WMVCM  are  e4']ual  as  well  as  opposite,  it  i»  zero,  and  silence 
is  produced. 

For  the  complete  extinction  of  two  sets  of  sound  waves  the 
rarefied  parts  of  one  system  must  be  the  exact  equivalent  of  tlie 
L-ondcnsed  portions  of  the  other.  This  is 
not  easy  of  attainment  in  actual  practice. 
An  approximate,  may,  however,  bo  reached 
by  the  experiment  illustrated  in  Kij;.  108. 
In  this  A  and  B  represent  two  tiininj^-forks 
of  the  same  note,  and  C  a  >;lass  jar  intu 
which  water  has  l>een  poured  to  bring  it  in 
reftonant  relation  with  the  fortes.  The  fork 
B  is  then  armed  on  one  of  its  prongs  with 
a  small  pellet  of  wux.  If  either  of  the 
forks  is  sounded  over  the  jar,  it  gives  forth 
a  clear  contittuous  souml.  Hut,  if  both 
are  sounde*.!  at  the  same  time,  the  slight 
difierence  in  the  rate  of  vibration  of  B  pro- 
doccd  by  the  pellet  of  wax  causes  the  two 
syslomii  of  modulatious  to  interfere,  aud  the  sound  varies  from 
moment  to  moment,  being  louder  than  either  fork  can  produce 
alone  at  one  moment,  and  fading  away  to  silence  in  the  next. 
Thus  a  scries  of  beats  or  pulsations  is  produced,  tlic  sound  being 
louder  when  the  undulations  agree  in  phase,  and  silence  rcsnlt- 
iug  when  they  are  in  opi>osite  phases. 

Bo  long  aa  the  two  notes  are  nearly  alike,  the  beats  are  few, 
say  from  four  to  six  in   a  second.     When  they  are  very  dif- 
ferent the  beats  become  partly  fused  on  account  of  their  greater 
[uenev  and  a  harsh  grating  sound  is  pniduced;  with  a  stilt 
ter  dilforencea  cutting  character  is  assumed.     This  is  called 
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tlissoiuinee^  and  IlelmhoUz  0tate»  thnt  n-lten  the  bcftts  roach  33 
per  8t!C()iid  tliti  dissotimice  is  iiitulurablu;  Lteyoud  tliU  the  rough- 
nt:ft3  lessens  and  n'heu  tUe  beats  reach  132  per  Becond  it  d'lsa}!- 
|icare. 

In  the  "  Am.  Journal  of  Sciences  and  Arts,"  vol.  xii.  page  32U. 
Profciwor  A.  M.  Mayor  j;ivcs  a  very  interesting  account  of  tht 
phyeinh>g-icul  (-iVeclsof  thu  ititerlerenceofdiflerciil  soundg.  Tht 
paper  deals  with  the  following  siihjccts.  1st.  The  ohtiteruliun 
of  the  sensation  of  one  sound  l»y  the  simullaneuus  action  on  the 
ear  of  another  more  intense  and  lower  Huund.  2d.  A  sound 
even  when  intense  cannot  obliterate  the  sen^tion  of  another 
Bound  lower  in  pitch.  3d.  i'ropoeed  ehauge  in  management  of 
orchestras  in  eonnoction  vvith  these  facta. 

405.  Pitch  or  Toae. — The  jiosition  of  a  tone  in  tlie  musical 
£iiile,  or  ita  pitnh,  iei  dtnormined  hy  the  number  of  vibrations  in 
a  second.  If  iu  this  time  500  oscillationfi  are  made,  then  600  h 
called  tlie  number  of  vibralinns,  and  ^^fth  of  a  second  the 
lime  of  vibration  or  period.  The  greater  the  numl>er  of  pulsa- 
tions the  higher  the  pitch.  Tliis  may  he  roughly  shown  by 
drawing  the  tingcr-nail  across  the  teeth  of  a  comb.  If  the 
movement  ie  stow,  and  the  number  of  strokes  small,  the  Bound 
is  low  or  grave;  if  quick,  and  tfie  number  of  strokes  great,  it 
ia  high  or  acute. 

Various  methods  have  been  devised  for  the  determination  of 
the  number  of  vibrations  required  to  produce  agiven  tone.  They 
are  Savart's  wheel,  the  siren,  and  Dubamel'a  graphic  method. 

406.  Savart's  Wheel  consiet'e  of  a  wheel,  B,  ila  circumference 
armed  with  projections  or  teeth  like  those  on  a  cog-wheel.     Its 

Fio.  16ft. 
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axis  carries  a  smalt  pulley  around  which  a  band  or  cord,  D, 
pa»8e«,  which  receives  motion  from  a  large  wheel  A.  driven 
by  the  wiiich-banillc  M.     At  E  a  piece  of  card-board  is  brought 
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uoDtact  with  the  teot}]  of  B  while  in  rapid  revulutioii.  The 
striking  of  the  teeth  on  the  card  au  the,v  pass  by  it^  edge  throws 
it  into  vigorous  oscillation.  According  us  the  movemeol  is  in- 
creased ill  rate  tht;  vibration  ot'  the  card  is  iuteiisified,  and  a 
hijfht-r  or  more  acut*;  noniKl  is  prodiiceJ. 
Counting  the  number  of  teeth  in  the  wheel  B,  and  the  number 
f  of  rovolutiona  produced  by  each  turn  of  the  winch  M,  and 
muttiplying  them  together,  we  have  the  total  vibrations  pro- 
dufwl  in  flie  card  E  for  each  turn  of  the  winch-handle.  It 
only  remains  to  dcterniine  the  rate  of  revolution  nf  the  winch- 
handle  to  tiud  the  number  of  vibrations  of  the  curd  per  second 
that  yields  any  given  tone. 

407.  The  Sirea  was  so  called  by  its  inventor  because  it  will 
give  forth  Bound  under  water.  In  it,  various  tones  are  emitted. 
Dot  by  aetting  a  solid  body  to  vibrate,  but  bv  producing  a  series 
of  pubs  of  air  in  rapid  regular  sueoeHftioii.  fl  consieta  essentially 
of  a  circular  seriea  of  lioles  in  a  disk  of  carflboard  or  metal,  A, 
mounted  on  an  axiti  of  revolution.     A  tube,  B,  delivers  a  stream 

Fio.  no. 


0© 


ot  air  against  one  side  of  the  disk.  When  the  opening  of  the 
air  tube  is  opposite  one  of  the  lioleH  a  putf  uf  air  passes  tnrough, 
when  opposite  an  interval  the  paiwage  of  air  is  obstructed.  By 
means  or  suitable  machinery  rapid  revolution  is  given  to  the 
disk,  the  number  of  piitV^  of  air  in  a  given  time  is  thus  increased 
at  the  will  of  the  opcnitor,  and  any  desired  tone  produced. 
The  number  of  puSt  padding  through  the  disk  is  regiatered  by 


864 


ACOUBTICA. 


the  instrnmont  iUtclf  C,  and  the  niinilier  of  vihrationB  reqoired 
for  thesoDnding  of  any  tone,  iR  determined  by  merely  rcxdiDg 
tbe  iiidicatioti0  of  tlio  lodvx. 

Comparing  the  tone  obtained  by  a  given  number  of  vibmtions 
as  recorded  by  the  siren,  with  that  produced  by  tho  aanie  nuni' 
bcr  by  Suvart's  wheel,  wc  find  that  thuir  pitch  is  the  aarae.  In 
music  such  tono«  are,  tbcrofore,  aaid  to  be  "in  nnison,"  re- 
gardlcHS  of  the  instrumenifi  by  which  they  may  be  formed. 

In  the  perfect  kinds  of  siren  the  rate  or"  revobition  of  the  disk 
or  lid  is  detertnined  bv  tli«  pressure  of  the  air  employed  in  work- 
ing the  apparatus.  Tho  wind  or  air  enters  by  tlie  pipe  B,  from 
u  bellows  or  other  source,  into  the  close  box,  in  tbe  lid  of  which 
is  a  Hories  of  holes  corresponding  \\nth  those  iu  the  rotating  disk. 
The  holes  are  not  bored  directly  through,  hut  obliquely,  slantiDg 
iu  one  direction  through  the  lid  of  the  box,  and  in  the  opposite 
direction  through  the  dittk  A. 

The  disk  is  impelled  round  its  axis  by  the  wind  as  it  iasuoi 
through  the  lower  set  of  holes  into  the  upper.  Tu  apply  it  to 
the  determination  of  the  number  of  vibrations  producing  aar 
given  tone,  the  pressure  in  the  siren  is  increased  until  it  gives  a 
tone  in  unison  with  tluit  to  bo  measured.  The  siren  is  then 
sounded  for  a  given  number  of  seconds,  the  number  of  pufis  or 
pulsations  fur  that  time  determined,  and  from  this  the  number 
ot  vibrations  per  second  obtained,  by  dividing  it  by  the  number 
of  seconds  during  which  the  observation  lasted.  The  siren  thus 
demonstrates  the  cause  of,  and  detities  the  exact  relation  between, 
those  differonoos  of  pitcli  wliittb  are  the  basis  of  the  musical 

sense,  and  discernible,  with  more  or  less 
''"'  '"'■  nicely,  by  most  individuals. 

408.  The  Oraphio  Method. — In  both  the 

preceding  methods  for  the  determination 

of  the  number  of  vibrations  required  to 

I  ^^       !l*»**r\I  produce  any  given  tone,  a  practised  ear 

LmB,^^^^  !  ^  IB   required,  and  even  then   there  is  a 

^■!^^3^^j_^  certain  amount   of  difference    iu    the 

^  ^H      *^  "^  *''r  a  ^     results  obtained.    In  ihe  graphic  method 

r  11  of  Dnhamcl  this  error  is  avoided. 

|,JL  /    II  The  arruii^enicnt   is   represented   in 

^f  '^^^ii^rW        ^'^*  ^^''     ^  is  a  cylinder  rotating  about 

[   ■  a  vertical  axis  B.     This  is  cox-cred  with 

Gr>ptii<:0»ai.]  a  sheet  of  paper,  on   which  a  tilin   of 

lampblack  has  been  deposited,  hy  holding 
it  in  the  smoke  from  b\trning  camphor.  This  sen'es  2ih  Uie  means  of 
regiBtration,  as  tbilowa: 

buppose  the  vibrations  to  be  examined  are  produced  by  a  steel 
rod.     The  rod  is  lixed  in  a  vice  Cj  to  its  oxtremily  a  tine  wire 
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n  attached  whicti  may  t>o  mado  to  louoli  Uie  surface  of  the 
cylinder.  This  being  caused  to  rotate,  and  tli«  point  attached  to 
thti  steul  rod  made  to  touch  it.  &  Btrai^ht  line  \»  turmcd  by  the 
removal  of  the  lampblack.  The  rod  is  then  struck,  when  at 
once  the  line  prodnced  is  wave-like  in  character,  correspoudiug 
to  the  oscillations  of  the  rod. 

For  the  determination  of  the  number  of  vibrations,  a  tuning- 
fork,  which  emits  a  tone  of  about  the  same  pitch  as  the  sounding 
rod,  and  the  rate  of  ^nbraiion  of  which  l»  known,  ia  mounted  in 
»  block  D.  One  arm  of  tlii«  also  bears  a  pointer  which  may  be 
made  to  touch  the  blackened  (mper.  The  fork  and  the  rod  are 
•ounded  at  the  same  lime,  and  their  pointers  brought  in  contact 
with  the  revolving  paper.  Two  Bystema  of  wave-like  registra- 
tions are  thus  producetl  one  above  the  other.  Tiio  number  of 
wave*  in  a  given  extent  of  each  system  18  counted,  when  a 
simple  calculation  gives  tho  rate  of  vibration  of  the  rod. 

Suppose,  for  example,  the  rate  for  the  fork  is  600  per  second, 
and  that  while  the  tuniiiu-fork  made  150  the  rod  made  165. 
Then,  aw  llie  vibrationn  ot  the  fork  are  to  those  of  the  rod,  ito 
is  the  number  per  second  of  the  fork  to  x,  the  number  per 
second  of  Uie  rod;  or  as  150 :  I6>'> : :  oOO  :  x  =  550,  the  numCer 
of  oscillations  per  second  of  the  rod. 

If  the  lower  part  of  the  axis  of  the  revolving  cylinder  is  a 
ftcrew  traversing  in  a  nut,  as  the  cylinder  turns  it  will  he  either 
lowered  or  raised,  according  to  the  direction  in  which  it  rotates. 
hy  ibis  device  the  {•oiiiters  make  a  spiral,  instead  of  a  horizontal 
cnicing,  and  recordH  covering  a  number  of  revolutions  may  be 
obtained. 


409.  Limits  of  Perception  of  Vibratioiu. — This  varies  with  the 
audiiirry  peeulianties  of  the  observer,  and  to  a  certain  extent 
villi  the  method  of  experimentation.  The  dilferent  estimates 
are  as  follows : 

I  Xmiitiff  or  vlbMtloiu  f»r  •wniul 

LowhI  or  fiimTB  luiw.        ttlfhHI  m  acrnla  luBV. 

Befure  Samrt'i  tlni«       ....          16  O.OOU 

Sarart'*  GX|>erinti>Di*                                .  T  to  8  24,000 

I>e«l>r«U 10  34.000 

FIdmhnlU 80  to  -10  38,000 

I*rfij«r    .                 16  la  S4  41,000 

Many  persons  were,  however,  found  who  could  not  appreciate 
notes  of  liJ.OOO  and  even  less  than  12,000  vibrations  per  second. 
Great  variations  in  the  pitch  of  notes  have  arisen  iu  the  prog- 
ress  of  time.  In  an  article  by  Mr.  Ellia,  in  "  Nature,"  vol.  xxi. 
page  .'iftO,  it  is  shown  that  for  A  tho  variations  have  extended 
irom  370  to  567  vibrationr;  per  second,  the  present  standard 
being  436.4,  thai  of  (he  **  Hiapaaon  Normal,"  at  the  Conserva- 
toire at  Paris. 
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410.  The  Octare.  —  Two  tones  sauojed  separately  may  be 
Diu&ical,  but  it  bv  uo  uieuns  t'ollowH  tLat  when  they  are  eouodeO 
together  they  will  prodace  a  plcueing  effect  upon  the  car.  If 
tbey  are  not  roncoraanl  the  effect  is  harah  and  giating.  Inquir- 
ing iuto  the  uumerical  rtilatiou  which  two  tonea  must  pos«ee4  to 
Approach  the  nearest  in  their  characters,  we  find  that  this  is 
attained  with  the  proportion  of  vibratioiiH  represented  by  2—1, 
4  =  1,  etc. 

So  closely  do  two  tones  having  the  ratio  of  :!  to  1  in  their 
number  of  oscillationa  approach  each  other,  that  in  mosic  they 
receive  the  same  name.  If,  for  example,  tfie  first  receivea  the 
desiguatioi)  C,  the  other  is  called  c,  and  the  interval  between 
thetii  18  termed  an  octave. 

Not  only  does  the  octave,  or  eighth  note  lo  the  first,  present 
this  peculiarity,  but  as  we  past)  to  the  octave  of  this  second  note, 
and  then  to  tlie  octave  of  this,  the  whole  aeries  of  octaves  or 
eighth  notes  blend  together  to  produce  an  agreeable  effect.  Id 
music,  therefore,  the  complete  aeries  of  notes  employed  is  divided 
into  groups  of  octaves. 

411.  The  Qamut  and  Chromatic  Scale. — The  series  of  tones  into 
which  the  intorvnl  heiwocii  ('  and  itB  octave  r  is  divided,  is 
called  the  gmnvt  or  diatonic  st'fde.  It  embraces  seven  tones,  which 
are  designated  by  the  letters  C  D  E  F  G  A  B. 

The  tones  of  tiie  gamut  are  also  known  by  names,  do  or  at 
standing  for  C,  and  followeil  by  re,  nit,  fa,  sol,  la,  si,  in  order. 

The  octave  is  Bubdivieihle  into  a  much  greater  number  of 
recognizable  intervals  thun  the  gamut.  In  the  musical  system 
generally  adopted  five  notes  are  added  to  the  gamut.  These  are 
represented  on  the  piano  by  short  raised  black  keys,  each  of 
which  is  called  the  flat  of  the  white  note  above,  or  the  sharp  of 
the  while  note  below.  To  the  complete  series  of  twelve  tnus 
produced  the  name  of  chromatic  scale  is  given. 

412.  HuBical  Notation. — To  designate  any  given  tone  iu  the 
ordinary  range  of  music,  the  following  syBtem  or  notation  has 
been  recommended.  The  octave  of  w-liich  the  c  is  produced  by 
an  eight  foot  organ  pipe,  receives  the  capitals  C,  D,  E.  >',  G,  X 
B.  The  next  octave  above,  the  letters  c,  rf,  f,  etc.;  the  next 
c',  d',  e'y  etc.  The  octaves  below  C  are  designated  by  the  capi- 
tals with  the  8ub8ign,«.  ^.,  C^,I)^,etc.  We  thus  obtain  the  series 
of  octaves,  viz. : 

C^,  C,  C  e  c'  c"  c'". 

In  written  music,  notes  arc  indicated  by  signs  placed  upon  a 
series  of  five  lines,  called  a  stave.     According  to  this  method,  the 
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octave  of  tho  treble  cleft,  of  which  tho  tnp  note  is  the  standurd 
r*,  and  the  bottom  the  middle  i*,  is  written  aA  foUows: 


^=t 


nr 


3t=*: 


When  the  notes  pass  bevond  the  five  lines,  the;  are  written 
OQ  additional  short  hues,  called  Utit/er  Unee,  as  is  the  ease  with  e. 
For  the  lower  notes  a  ba<«e  cleft  Is  employed.  The  base  and 
treble  may  be  8uid  tu  meet  iu  the  middle  c,  written  in  the  treble 
cleft  ua 


i 


la  the  base  aa     •^s 


S 
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U3.  Kumtwr  of  Vibrationi  to  each  Tone. — On  a  piano  of  eeven 
octaves  the  middle  note  c,  of  which  we  hare  been  speaking, 
is  produced  by  the  white  key  to  the  left  of  the  two  black  keys 
nearest  to  the  middle  of  the  key-board.  Musicians  have  gener- 
ally lusumed  that  lhi«  note  corrc-sjioiidH  to  266  double  vibriitions 
in  a  second.  The  number  is  urbitrary,  and  was  selected  partly 
oUjerounds  of  convenience,  since  it  is  a  power  of  two. 

Tlie  adjustment  of  "  unison,**  or  tuning  of  instruments  to  each 
other,  is  obtained  h\  means  of  the  tuning-fork,  described  in 
(389).  To  increase  t^e  intensity  of  its  tone,  it 
may  l>e  fixed  iti  a  resunancu  box  open  at  one 
ead.  Fig.  172.  For  some  time  past  the  pitch 
of  the  standard  forks  in  the  opera  houses  of 
the  great  Kuropcan  cities  has  gradually  in- 
creased at  different  rales,  which  caused  con- 
siderable annoyance  to  musicians  in  passing 
t'rum  one  to  another.  To  avoid  iho  confu- 
ition  thaa  arising,  a  normal  tuuiug-fork  was 
adopted  iu  France.  It  vibrates  487.5  times 
in  a  second,  and  gives  the  standard  note  n  of 
the  treble  stave  (412).  In  reference  to  this 
etandard  the  nii([dle  c  on  the  piano  is  pro- 
duced by  :^U1  vibrations  in  a  eecund. 

fn  iui<liiion  to  the  standard  tuning-fork''  referre<l  to,  the 
English  committee  anpointed  by  the  Society  of  Arts  recom- 
mended one  with  628  uotible  vibrations  ytur  second,  which  repre- 
sented r*  in  the  treble  stave  (412),  or  264  for  the  middle  f.    It 
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)6  virtually  the  same  aa  the  Stuttgardt  tuning-fork  adopted  'm 
1834,  whicli  makes  440  viUrations  per  second,  and  crtrrespomla 
to  <i  in  the  same  stave.  According  to  either  of  those  values 
256,  2ti\,  or  364,  for  the  middle  c,  the  number  of  vibratione  for 
any  note  of  the  gumat  may  ho  estimated  from  the  following  for- 
mula,  m  denoting  the  uumber  for  the  middle  c. 


ut  or  do 

re 

mi 

fa 

BOl 

la 

Bi 

do 

e 

d 

e- 

/ 

g 

a 

b 

e 

m 

\m 

Jm 

}m 

j« 

\m 

v« 

Iwt 

2M 

2o: 

830 

3S2 

»»6 

-HO 

4d& 

6S8 

With  the  key  note  making  440  rihrationa  per  aecond,  the 
loM-est  notti  of  orchestral  in^trumeuts  is  the  £,  of  the  double 
bass,  produced  by  41i  per  eecorid.  Organs  go  down  to  C,.,  or 
32,  and  in  (jrand  pianos  A,^  with  27J  per  second  ie  reached. 
The  notes  below  K,  are  not  perfect. 

On  the  treble  side  pianos  reach  c',  with  4224  vibrations.  The 
piecato  flute  reaches  rf",  ^vith  4752.  Thoujjh  the  souuds  per- 
ceptible to  the  ear  range,  aa  wo  havo  Been  (409),  from  16  to  41,0(M) 
per  second,  or  over  eleven  octavc-B,  those  which  are  capnhl*^  nf 
tixciting  pleasure  ait.*  c<mtii]ed  to  about  seven  oetavus,  or  front 
near  40  to  about  4000. 

The  question  of  the  number  of  vibrations  producing  given 
tones  is  of  especial  importance,  since  the  tuning-forka  originating 
these  arc  employed  iu  the  pb^'siological  measureraont  of  brief 
[leriods  of  time,  and  of  rates  of  vibration,  as  in  f408). 

414.  Harmonics,  Overtones. — The  formation  of  nodes  and  loopa 
has  been  described  in  (388).  Wlieu  tlie  string  of  tlie  mouo- 
cord  is  made  to  vibrate  througliout  its  whole  length,  the  sound 
produced  is  called  the  Cuiidamental  tone.  Touching  the  string 
at  the  centre  with  the  solt  point  of  the  finger,  and  plucking  it 
near  one  end,  the  string  will  vibrate  in  two  sectiona.  a  node 
being  formed  ai  the  point  touched.  The  rate  of  oscillation  ot 
the  two  ventral  segments  will  lie  double  iliat  made  by  the  whole 
length  of  the  string,  and  the  tone  emitted  will  be  an  octave 
higher  than  the  fundamental  tone. 

Touching  the  ^ir^ing  again  at  \  its  length  from  either  end,  it 
vibrates  in  three  sections  with  two  nodes;  the  number  of  move- 
nieniH  is  now  three  times  that  of  the  fundamental  tone,  or  |  of 
the  octave,  which  is  the  twelfth  above  the  fundamental  tone,  and 
the  fifth  above  the  octave. 

Again  touching  it  at  ono-fourth  its  length  from  either  end,  and 
plucking  it,  three  nodes  and  four  ventral  segments  are  formed, 
each  making  four  times  the  number  of  vibrations  of  the  funda- 
mental tone,  and  producing  the  lone  two  octaves  above  the  fun- 
damental tone.     This  may  he  continued  to  the  formation  ot  5, 6, 
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r,  8,  or  12  vuritrul  seumenls,  eacli  Imvirijr  it  mniil>er  of  vibrations 
[inversely  a»  the  nunuH^rofHCgineiitrt,  tLii<l  pi-odiicing  iti  luiUition 
[to  the  (01109  alroftdy  mentioned,  the  third,  til^b,  and  a  tone 
rcen  ihu  ^ixth  and  seventh  of  the  second  octiive.  and  so  on. 
leee  higher  tones  of  a  fundamental  tone  urv  callud  Its  over- 
tones or  harmoiiicfi.  Whenever  a  string  vibrates  throughout  its 
whole  length,  it  also  vibrates  in  lialvcs,  thinls,  fourlhs,  etc.,  the 
motion  not  being  siniplu  but  exceedingly  complex.  That  this  is 
the  case  is  proven  by  the  fact  that  a  Lmineil  ear  onii  detect,  id 
addition  to  the  fundamental  tone,  its  octave,  twelfth,  and  other 
orertouea. 

If  the  overtones  are  not  easily  heard,  they  may  be  made  evident 
by  touching  a  nodal  point  of  the  string  with  the  finger.  The 
fandamental  tone  is  thus  stopped,  while  tlio  overtones  corre- 
^onding  to  the  node  touched  will  be  licard.  In  tlds  mantier  the 
presence  of  one  overtoue  atlur  another  may  be  demonstrated. 

Nearly  all  sonorous  bodies  besideti  strings  proiiuce  overtones 
in  addition  to  their  fundamental  toue  wheti  thrown  into  vibra- 
tion. These  tones  takon  together  constitute  a  /tote,  as  distin- 
gaished  from  a  simple  tone. 

4lfi.  Quality  or  Ttinbre. — This  third  character  of  sound,  by 
vhii-'li  we  recognize  a  note  of  the  sante  pitch  aa  it  is  prodncea 
^On  diticreiit  iiistrumenta,  in  the  result  of  a  variety  of  causes. 

It   is  in   part  the  effect  of  techle  sounds  which  atletid   the 

[manner  of  production  of  the  note,  for  example,  the  rueliing  of 

[the  lur  which  forms  the  notes  of  a  tlutc  ;  the  rapid  or  gradual 

[decrease  in  iuienaity  as  in  the  piano,  or  the  uniformity  of  iu- 

teusity  which  attc[id><  tliu  notes  of  an  organ. 

"t  Jk.nother  and  far  more  poicnt  t-nnsc  of  quality  in   a  note  is 

^nature  of  the  overtones  which  accompany  the  fundamental 

Fio.  173. 
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These  are  dificreiit,  not  only  in  various  sonorous  bodiM, 

bat  also  for  the  same  boily  according  as  the  sound  is  produced. 
As  these  elements  vary,  the  character  of  the  wave  produced 
differs,  and  xvith  it  the  quality.  The  figure  will  enable  us  to 
-irceive  how  this  may  arise. 
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Suppose  ABC  are  three  waves  having  the  same  amplitude 
and  tne  same  period.  It  is  evident  that,  as  shown  in  Fig.  173, 
their  mode  of  vibration  may  be  entirely  different.  It  is  sIbo 
clear  that  there  may  be  an  intinite  number  of  such  variations. 
It  is  to  this  change  in  manner  or  form  of  vibration,  that  differ- 
ence in  quality  is  to  be  ascribed. 

416.  Wave  Length  of  Sounds  in  Air. — As  in  the  examiuatioti  of 
the  intensity  of  a  propagated  sound,  the  amplitude  of  vibration 
of  the  air-waves  was  compared  to  the  height  of  waves  on  water, 
so  in  the  case  of  pitch  we  may  institute  a  like  comparison,  and 
speak  of  sounds  as  having  different  wave  lengths.     The  wave 
length  of  any  tone  is  obtained  by  dividing  the  velocity  of  sound 
(380)  by  the  number  of  oscillations.    From  this  it  follows  that 
the  length  of  the  aerial  waves  diminishes  as  the  pitch  of  the 
notes  rises.     For  shrill  notes  they  are  short  and  rapid,  and  for 
low  notes  long  and  slow.     When  the  middle  c  of  the  piano  ie 
struck,  it  vibrates  about  264  times  in  a  second,  and  hence  sete 
up  air-pulses  of  1120  feet  divided  by  264,  or  4^  feet  in  length. 
The  first  A  of  the  bass  (in  a  seveu-octavo  piano)  produces  air- 
waves about  41  feet  in  length,  while  the  last  a  of  the  treble 
sends  on  pulses  not  quite  4  inches  long.    The  latter  are  128 
times  more  rapid  than  the  former,  which  are  correspondingly 
longer.     If  the  sensibility  of  the  ear  nerves  is  to  be  judged  by 
the  range  of  audibility  of  musical  tones,  it  far  surpasses  that  of 
the  optic  nerves.     The  former  ranges  over  eleven  octaves^  while 
the  latter  barely  exceeds  a  single  octave. 


CHAPTER   XY. 

ANALYSIS   AND  SYNTHESIS  OP  SOUNDS. 

IlolmhnllK's  roannatnra — Konig'g  nKinomctric  flsmes — Konig's  sound  nnalvzer — 
Synthesis  iii  Hounds — Results  of  Ilelmhollz's  rfiscarches — Lissujou's  methiHl — 
IlUi.'trution  of  LissBJou's  curves — L6on  St^ott's  phomiutograpli — Edison's 
plKini>i;nipli — Acoustic  uttrnctioii  and  rt'pulsion. 

417.  Helmholtz's  Besonators. — Tlic  properties  of  sympathetic 
vibration,  and  resonance  possessed  by  enclosed  masses  of  air 
have  been  discussed  in  (395)  and  (402).  In  accordance  therewith 
Helmholtz  devised  the  apparatus  called  the  resonator. 

In  its  earlier  form  this  instrument  was  a  spherical  copper  or 
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jrasB  veesel.  On  one  portion  of  the  surface  there  whs  an  opening 
which  roceivfd  the  Honnd;  opposite  tn  thie  a  Bniuller  opening  or 
tubiilure  convt-yed  it  to  the  anilitory  canal. 

With  variation  in  thci-apacily  vt'  resonators^eodo  they  respond 
to  diflbrent  tones :  it  is,  therefore,  only  neccBsary  to  be  sujiplied 
with  A  battery  of  these  inMruraentB  of  different  sizes,  eorre- 
0]»onding  to  the  tones  to  be  detected,  and  we  have  the  mcnne  of 
analyzing  anv  sound  or  note. 

Konig  buH  introduced  an  important  modification  of  the  original 
resonator;  in  this  the  body  of  the  instrument  is  coiupoBod  of 
two  hollow  cvlinders  one  of  which  slides 
tdescnpicollv  into  the  other,  as  ehown  in 
FIr.  174.  'Thus  the  volume  of  the  interior 
can  be  iucrcnt)ed  or  diminished,  and  is  easily 
toned  or  adjusted  to  a  number  of  diti'crcnt 
tones.  To  the  tubulure  a  rubber  tube  is  fitte<l 
by  which  vibrations  ui*e  conducted  to  any 
desired  point. 

When  the  rcHonator  is  UHcd  one  ear  ia 
cnrefnlly  closed,  and  the  rubber  tube  at- 
tached to  the  tubulure  introduced  into  the 
auditory  canal  of  the  other.  All  Bounds 
then  appear  to  be  stifled,  and  are  beard  as 
though  at  a  diHtunce,  except  ivhen  the  proper 
tone  of  the  resonator  is  produced,  thin  at  once 
sounds  with  extreme  intensity,  booming  out 
clear  and  defined  from  amongst  the  confused 
hum  of  the  others. 

In  reality  the  resouator  not  only  reinfnrccs 
its  own  proper  lone,  hat  also  the  harmonics  of  that  tone;  but 
in  this  case  the  intensity  is  so  much  less  l)ian  that  of  the  true 
tone  of  the  instrument,  that  there  is  no  difficulty  in  tbnning  a 
correct  opinion. 

Applymg  one  resonator  afier  another  to  the  ear,  the  presence 
or  ntwcnce  of  the  tones  they  represent  in  anv  given  sound  may 
be  determined,  and  thus  an  exact  analysis  oi  the  sound  accom- 
plished. By  this  niethiid  Uelmholt?.  demonstrated  tlmt  the 
quality  of  any  note  depends  upon  the  number,  pitch,  and  loud* 
ness  of  the  harniouies  or  overtones  it  possesses. 

418.  Eonig's  Manometric  Flames. — The  nietliod  of  analysis  by 
resonators  applied  t*>  the  car,  can  only  be  used  by  one  person 
at  a  time.  To  meet  tliis  ot))ection  Ktinig  has  de^'ised  an  inge- 
nious apparatus,  whereby  a  number  of  person*  may  at  the  saiue 
time  witness  the  results  of  expcrinicnts  for  the  detection  and 
analysis  of  sounds  or  notes.  The  principle  upon  which  this  is 
accomplished  is  as  follows. 
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In  (391)  we  have  seeu  that  tense  membranes  undergo  vibra- 
tion when  Bounds  are  produced  in  their  vicinity.    Acting  upon 
this  fact,  Kbni^  received  sonorous  undulations  upoa  one  side  of 
a  membrane,  the  otlior  being  part  of  the  wall  of  a  small  cavity 
or  box  through  which  gas  passed  on  its  way 
to  a  burner.     When  ignited  at  the  burner, 
the  flame  by  its  movements  at  once  indicated 
any  changes  in  the  pressure  on  the  g&B  re- 
sulting from  the  oscillation  of  the  membrane. 
In  Fig.  175,  the  essential  parts  of  this  arrange- 
ment are  represented.     K  K,  is  the  box  or 
cavity,  divided  into  two  portions  by  a  thin 
membrane,  fu     The  tube  a  communicates 
with  a  trumpet-like  mouth-piece,  along  which 
vibrations  are   imparted  to  the  diaphragm 
h.     By  the  tube  o  illuminating  gas  is  de- 
livered to  the  portion  of  the  cavity  on  the 
opposite  side  of  the  septum,  thence  it  passes 
by  the  tube  C  to  the  jet  A,  where  it  is  ignited. 
So  long  as  there  is  no  sound  in  the  vicinity  of  the  mouth- 
piece, the  gas  burns  in  a  tranquil  manner,  and  the  flame  is  quiet ; 
but  the  instant  sound  is  received  by  the  mouth-piece,  it  is  thrown 
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into  violent  agitation,  as  in  the  singing  flame  of  the  chemical 
harmonicon.  So  closely  do  the  movements  follow  each  other 
that  it  is  impossible  for  the  unaided  eye  to  determine  their  char- 
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r;  to  overcome  this  difliciilry  tlicy  are  viewed  by  meauB  of 
the  analyzing  mirror. 

Tliis  congists  iif  u  i-iiluntl  hon,  ihe  verliwil  Biilcft  formed  of 
mirrors,  M.  liy  a  vertical  axis  iinJ  cog-wiiceU,  V\g.  176,  it  is 
rotated,  wlion  the  retlei'ted  image  of  the  fiiiine  F  is  viewed 
therein.  When  llie  dame  burns  steadily,  and  ia  not  affected  by 
sound,  tlie  image  In  tlio  revolving  mirrors  is  a  simple  band  of 
light.  Rut  Ihe  moment  the  flame  is  thrown  into  oscillation  by 
the  notion  of  the  ttouiu!  vibralioni^  upon  ihe  membrane  /«,  Fig. 
175,  the  band-like  appearance  is  lost,  and  a  series  of  tongue- 
like  figures  appears. 

Providing  ilie  note  entering  the  mouth-piece  of  the  apparatus 
ia  m  simple  or  rundaineiilal  (one,  the  apiiearance  pruduced  is  that 
in  Fig.  177. 
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With  the  same  rate  of  rotation  of  the  mirror.  If  the  octave  of 
the  preceding  note  is  sounded,  the  result  is  seen  in  Fig.  178. 


PlQ.  178. 
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Adapting  a  T-shaped  tube  to  a  (Fig.  175),  in  order  that  the 
sound  of  the  fundamental  tone  and  its  octave  may  be  conveyed 
to  tlie  flamo  at  the  same  time,  the  effect  in  Fig.  17!l  is  obtained. 
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If  the  fundamental  note  and  its  third  be  sounded,  a  difierent 
appearance  is  produced. 
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If  the  vowol  n  be  snug  on  ttie  notea  e  and  i*'  it  gives  the  renll 
in  Fig.  180. 

Ki«.  180 
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419.  KonigB  Sotmd  Analyzer  \»  repn^ented  in  Fig.  181.   It 
consints  of  a  baltery  of  Helinholtz'a  redonntors,  to  eacli  of  which 

a  maiiometric  flame,  with  capsule 
uiid  vilirating  iiiembrain.-,  is  attachi.'Hl. 
The  Iriiagee  of  ihu  Haines  are  tlieu 
vie\ve<i  in  the  annl^'zing  mirror. 

For  anal^BiB  of  any  given  note  the 
reflonator.**  are  arranged  to  correspond 
to  it  and  itH  liarmotiiat. 

Applying  thiH   apparatus  to   the 
analysis  of  the  ^nme  note  as  given 
forth  by  different  instruments,  it  i$ 
found  that  the  sound  of  u  diapami, 
or  turiiug-fork,  is  almost  absolut«ljr 
simple;  trie  same  is  tlio  case  with  the 
flute.     In  the  pinno,  on  the  contrary, 
the  fundamenlul  lonu  is  acconipaiiiei 
by  six  burnionice;  the  vioHu  shoi 
a  gn?atfr  mimber.     The  clarion' 
gives  uneven  harmonics,  and  in  brass  wind  instrumente,  like  Uie 
trumpet,  the  higher  harmonics  are  very  intense  or  loud.  ^m 

A   crndo  anuly^i8  of  oomptex  rounds  may  be  made  by  pit^^ 
ducing  them  in  the  vicinity  of  a  pinno,  with  dampers  raised. 
The  strings  of  the  piano  corresponuing  to  the  note  will  vibrate. 
and  indicate  the  tones  entering  into  ttie  furmatioit  of  the  com- 
plex sound. 
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420.  Synthesis  of  Sounds. — Not  contenl  with  the  deeoniposihoit 
or  amdyriifl  of  fiouiids  into  their  constituents,  Helmholtz  has  de- 
monstrated liiw  theory  of  the  quality  of  sounds  bejond  cavil,  by 
synthet^is,  or  the  putting  together  i)f  their  coiiJ*tituents.  ^m 

In  the  apparatus  by  which  this  ii«  accompli,shed  the  source  o|H 
each  &ound  is  a  diupnsnn  or  tuning-fork,  to  which  the  proper 
resonator  is  attached,  its  month  j.artly  or  entirely  closed,  and 
the  sound  intensity  varied.  The  vibration  of  the  fork  la  main- 
taiiiod  by  means  of  an  electro-magnet.  A  Mriesof  aneh  arrnnge- 
ments,  representing  a  fiiudantental  tone  and  \ti  harmonics,  is 
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proTided.  Tbo  fuadumcntal  tone  with  its  harnionirs  in  greater 
or  l«e8  Dumber  au<]  intenr^ilv,  mav  in  tliis  wnky  be  i^uuded,  and 
the  refloltB  olilained  hy  anaryttie  proved. 

421.  Results  of  Helmholtz's  Eesearch«s. — These  are  summed  up 
&»  Icillowfl  by  (.Taunt : 

1.  Simple  tones,  m  tbo.^o  prttduced  by  a  tuniiig<fork  witJi  a 
ivsonanee  bo.\,uiid  by  wide  cuvurud  pipes,  arb  soft  and  agreeable 
without  liny  roughiit's^,  but  weak,  and  in  the  deeper  notes  doll. 

2.  MuBitial  Boundtt  accompanied  bv  a  eericK  of  harmoDics,  suy 
up  to  the  HtxtJi,  in  moderate  Rtrcngtn,  are  full  and  musical.  In 
coniparisoo  witJi  eimple  tones  tliey  nie  grander,  ricbcr,  and 
more  souoroua.  Sucli  are  the  sounds  of  open  organ-pijicfi,  of 
a  piano- forte,  etc. 

3.  If  only  the  uneven  harmonics  are  present.  s,»  in  the  ua«e  of 
□arrow  covered  pi^htf,  of  piano-furte  airings  struck  in  the  mid> 
die,  clarionetfl,  etc.,  the  sound  becomes  indistinct;  and  when  a 
greater  number  of  harmonics  are  audible,  the  sound  acquires  a 
oaaal  character. 

4.  If  the  harmonica  Iwyond  the  sixth  and  seventh  are  very 
distincl,  the  sound  becomes  shari>  and  rough.  Tf  lest^  strong, 
the  harmonica  are  not  prejudicial  to  the  musionl  usefiilnc<tH  of 
the  notes.  On  the  contrary,  they  are  useful  a5  ini)mrtiiig  char- 
acter  and  expresaion  to  tlie  music.  Of  this  kind  are  moat 
stringed  infttrument^i,  and  most  pipea  furnished  with  tongues. 
Sounds  in  which  harmonica  arc  jiarticularly  strong  acquire 
thereby  a  peculiarly  penetrating  character;  such  are  those 
yielded  by  brasa  lustrumeuta. 

5.  To  term  a  given  vowel  sound  one  or  more  characterietic 
notes  which  are  always  the  same  must  be  added.  These  change 
with  the  syllable  pronounced,  but  dept;iid  neither  on  tiie  height 
of  the  note,  nor  on  the  person  who  emits  tliem. 

42S.  Lissajon'B  Method  consisis  in  the  production  of  certain 
figures  by  the  action  of  sound  vibrations  upon  a  line  of  light. 
Fig.  1H2.  The  apparatus  required  for  tbo  experiment  is  an 
Argand  lamp,  the  chimney  surrounded  hy  a  cvlindrical  metallic 
screen,  in  which  a  piu-holc.  A,  has  been  made.  Through  this 
rays  of  light  pa»»  in  the  direction  of  the  dotted  line.  These  fall 
□pon  a  tuning-fork,  B,  placed  vertically,  one  prong  armed  with 
a  small  mirror,  and  the  other  provided  with  a  balance  weight, 
that  the  vihratiotis  may  not  he  changed.  From  this  mirror  the 
rajra  poae  along  the  dotted  line  to  a  second  fork  C,  of  the  same 
touo  as  the  nrst.  Its  vibrations  are  produced  horizontally. 
Ooe  of  its  prongs  bears  a  mirror,  and  the  other  a  coutiterpoise. 
At  a  suitable  distance  an  observing  telescope,  D,  is  placed.  The 
forks  are  in  unison. 
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ion,  the  dot  of  li^ht  becomes  a  line.  Tf  the  other  fork  alone 
ihrnwii  into  vibration,  again  tbc  dot  Hpi)ear8  as  a  line,  but 
'at  ri^lit  ancles  to  that  previously  proiluced.  Throwing  botli 
forks  into  vibration  at  the  sanie  time,  the  image  Ibrineii  is  a 
curve  wbieh  is  tioniu  form  of  ellipse,  tlioiigh  oblique  lines  and  a 
circle  may  arise  aa  exceptional  reeults.  These  are  found  in  (be 
upiier  row.  Fig.  183. 

If'  one  of  the  forks  differs  from  the  other  by  an  octave,  the 
eeriea  of  figures  in  the  second  row  appears:  if  by  a  tiflb,  ibe 
corvee  in  the  lower  row  are  obtained. 

By  UBing  an  electric  or  oxycaloinni  light  as  the  source  ot 
illumination,  and  passing  the  beam  therefrom  throiigli  a  convex 
lens  before  it  falls  on  ibe  fin*t  mirror,  a  dot-like  image  of  the 
pin*hole  may  be  proiected  on  a  screen  placed  in  the  position  of 
the  telescope.  On  tlirowingthe  mirrors  into  vibration  Lissajou's 
images  appear  in  perloction. 

'  423.  ninstrationi  of  Liss^oo's  Corves. — By  means  of  Black* 
bume's  pendulum,  Lissajon's  curves  are  reproduced  by  a  slow 
motion.  It  consists  of  a  cord.  ABC,  nttached  at  two  fixed 
points  A  and  C,  in  a  horizontal  line  iind  with  a  certain  amount 
of  slack.     To  the  centre  of  this  another  coi-d,  B  D,  is  fastened, 
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which  carries  a  spherical  metallic  ball  at  D,  a  pointed  wire  pro* 
jeeting  from  the  lowci-  part.     If  the  bob  is  set  in  motion  in  the 
plane  A  B  C'.  it  will  vibrate  in  that  plane,  the  point  of  snspen- 
iiioa,  B,  not  moving.     If  in  a  plane  perpendicular  to  this,  it  will 
,te  in  that  plane,  the  whole  system  moving  with  E  an  the 
nt  of  BUBpeneion.     In  the  one  cascB  I>  represents  the  length 
tlie  i>eudulum,  and  gives  a  certain  rate  itt  vibration.    In  the 
other,  E  It,  as  it  is  longer,  it  gives  a  slower  movement. 

If  tlie  bob  is  drnwn  aside  in  any  other  plane  than  those  men- 
L>ned,  it  no  lon^'trr  oscillates  in  u  t-traight  line,  hut  executes 
ovemeots  rcsultinir  from  a  combination 
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and  produces  curves  exactly  the  couDter()art  of  thoee  of  Lieujou. 
Preparing  a  lictlo  plateau  of  eand  half  an  inch  deep,  and  six  or 
eight  ineheft  square  on  a  board,  and  allowing  the  pointer  of  the 
but)  to  play  titurein,  very  bc-autiful  tigures  are  formed. 

424.  LeoD  Scott'i  Fhonautograph  is  an  instrument  for  the  r^s> 
trattou  of  all  kinds  of  suunds  and  noises.  It  uousista  of  an 
ellipsoidal  barrel  one  end  open,  and  turned  in  the  directiou  of 
the  sound.  The  opposite  end  gives  passage  to  a  narrow  brass 
tnbe  closed  exteriorly  by  a  delicate  membrane.  Near  the  centrt 
of  this  a  Jiog'ij  bristle  is  attached,  the  free  end  touching  a  revolv- 
ing cylinder  currying  a  ]iaper  covered  with  lampblack  (408). 

Hetting  the  apparatus  in  movement,  while  sound  w  not 
received  the  bristle  traces  a  straight  line  on  (be  lampblAck 
eurtacc,  but  the  inomeiit  souud  wuvt^e  enter  the  ellipsoid  the 
membrane  is  thrown  into  vibration  and  the  bristle  records  ao 
undulating  line  corresponding  thereto. 

425.  Edison'i  Fhoaog^raph  is  an  admirable  and  ingenioua  im- 
nrovement  upon  tlie  nrecediiig  apparaiua,  as  it  not  only  records 
DUt  reproduces  soundtt  received. 

Its  receptive  parte  consist  of  a  mouth-piece,  B,  into  which  the 
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Operator  speaks.  The  voice  is  directed  upon  a  thin  metallic 
disk,  which  is  thrown  into  corresponding  vibration.  This 
metallic  membrane  F,  carries  a  fine  steel  point  S,  which  plavs 
upon  the  cylinder  C.  Instead  of  blackened  paper,  the  cybnder 
is  covered  with  tinfoil.  By  means  of  the  winch  M,  it  is  thrown 
into  rotation,  and  a^  the  axis  A  bears  a  screw  cut,  a  movement 
of  trauultttion  is  imparted  as  it  rotates. 

The  cylinder  being  freshly  covered  with  foil,  if  the  winufa  is 
rotated  the  steel  point  describeaa  spiral  line  of  uniform  depth 
thereon.  Continuing  the  movement  at  a  regular  rate,  and 
speaking  into  the  mouth-piece,  the  unbroken  spiral  line  disap- 
pcin-8,  and  in  its  placo  a  dotted  line  is  produeed,  made  up  of 
depressions  or  perforations.     These  represent   the   record  ot 
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ribrationa,  airailar  to  that  in  the  apparatus  of  Luon  Scott.  Here, 
imvfver,  comparison  endrt,  for  if  the  cylindep  of  Kdisoti's  in- 
IruineiiC  is  readjusted  with  the  apex  of  the  recording  needle 
)n  the  spot  where  the  record  begun,  by  moving  the  winch,  aa 
le  point  attached  to  the  metallic  disk  passes  over  the  depres- 
noiiB  in  the  toil,  it  throws  llic  menibmiio  into  vibration,  and 
cauHes  it  to  give  forth  the  sounds  received  from  the  voiee. 

All  kinds  uf  sounds,  as  Mingiug,  speaking,  squeaking,  hissing, 

may  be   reproduced,     Even   the  quality  of  ditferent  voices   is 

k readily  recognized,  the  only  change  being  a  slightly  nasal  twang 

I  or  nioditication.     Edison  claims  t)iat   by  this  machine  >10,OUO 

vords  can  be  recorded  on  a  space  of  ten  i^quare  inches. 

L     Professor  Blake,  of  Brown  University,  has  recorded  vocal 

■»ono^ou^*   vibrations   by  the  agency  of  the  photograph.     The 

result  was  attained  by  attaching  u  sieel   mirror  to  a  vibrating 

disk  of  ferrotype  iron,  two  and  tliree-fuurtlis  inches  in  diameter. 

A  beamof  Bunlight  was  directed  by  a  heliostal  upon  the  niirrur, 

fend   after  undergoing  reflection  was  brought  to  a  focus  by  a 

lilens  upon  a  sensitive  plate  which  moved  at  right  angles  to  the 

track  of  the  ray.     So  long  as  the  ferrotype  disk  was  at  rest  a 

linear  stain  was  produced  upon   the  plate,  but  the  moment  it 

was  thrown  into  vibr^itions  by  tlie  voice,  a  record  similar  in 

appearance  to  that  formed  by  a  sphygmo^raph  was  obtained. 

Copies  of  suub  records  and  a  fuller  description  of  the  apparatus 

will  be  found  in  the  "  Am.  Journal  of  Sciences  and  Arts,"  vol. 

xvi.  page  64. 

426.  AcoQstic  Attraction  and  Repnlsion. — A  body  in  a  state  of 
ftODoroue  vibration  liu^  l)c>.'n  found  to  exert  an  iuHuence  some- 
limejt  of  attraction,  ami  again  of  repuUion  upon  otlier  bodies 
freely  suspended  in  its  vicinity.  Attraction  is  exerted  when  it 
.is  heavier,  atnl  repulr^ion  when  lighter.  A  balloon  of  gold- 
•boaler's  skin  tilled  with  carbonic  acid  gas,  brought  near  the 
mouth  of  the  resonance  box  of  a  tuning-fork,  is  attracted,  A 
balloon  tilled  with  hydrogen  is  under  the  same  circumstances 
repelled,  though  loaded  with  wax. 

In  like  manner,  a  tnning-tork  in  vibration  will  attract  a  piece 
of  card-hoard  suspended  by  a  siring.  If,  on  the  contrary,  the 
vibrating  fork  is  suspended,  and  the  card-board  fixed,  the  latter 
will  attract  the  former.  Two  suspended  tuning-forks  while 
ibrating  attract  each  other.  A  vibrating  fork  repels  a  caudle 
flame  pmued  near  its  extremity,  or  flattens  it  if  held  over  it. 

If  very  light  resonators  arc  brought  near  to  the  eoundiug 
box  or  reso[iator  of  a  tuning-fork  with  which  they  are  vibrating 
in  unison,  they  undergo  repulsion,  If  they  are  rnounted  at  the 
extremities  of  a  smaH  four-armed  wind-mill,  the  repulsion  is 
■uflicient  to  produce  a  continued  rotation  of  the  mill.     These 
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phenomena  arc  hardly  explicable  on  an  hypothesis  of  the  action 
uf  curreDte  iu  the  air,  neither  caa  they  b«  attrihuted  to  beat 
They  arc  of  enpecial  intorcat  and  worthy  of  careful  inv<«tigarion, 
a»  in  all  probability  they  hold  the  clew  to  the  explauation  of 
electric,  and  utlier  attractionti  and  repukiona. 


CHAPTER   XVI. 

PUVSIOLOGICAL  PRODUCTION  AND  PBRCEPTION   OF  90CKD. 

Voice  io  tbe  lower  oreatUTM— The  bumut  voice — The  Urynx  mad  kong— Tie 
Tnouth  nn«I  ipv^ch — V«ntr!1(>i|uiim— Simple  eur  of  lownr  cre«tur«« — -The  •vr 
ID  mnn^Tlie  exurnal  oar — Tho  middle  ear — Tb«  JTilorna]  ear — Tliu  audi* 
phon«— Tho  pbi>Copl>an«. 

4S7.  Voice  in  the  Lower  Creature*. — Many  forms  of  Bc-und- 
produL'ing  apparatus  are  found  lu  the  lower  or  invertebrate 
creatures.  SomctimcB,  as  in  certain  insects,  it  ie  a  mere  vibratory 
action  of  the  wingB  upon  the  air.  Again,  special  resouam^; 
cavities  are  providtd,  ivhicli  are  Bounded  by  tlie  friction  of  roii^li 
horny  snrfai.-i's  im  each  other.  It  is  also  the  result  of  a  sudden 
spasmodic  nioven^ent  of  jiortions  of  the  bo<.iy  or  extremities. 
Even  molluska  are  not  entirely  voiceless,  for  certain  kinds  ^ve 
forth  booming  or  bdl-like  Bounds. 

438.  The  Hnman  Voice. — In  common  with  nil  air-breath! ng^ 
vertebnites,  nian  employs  air  expired  from  tlie  lu^gs  for  the 
production  of  voice,  and  establishing  communication  with  his 
fellow-crt^aturcft. 

For  practical  [)urp08e«  we  may  consider  the  vocal  appiiratuK 
under  uiree  divisions:  iBt.  The  r(!Mpii*atory  portion,  consiBtinr 
of  the  Inngs,  bronchi,  and  trachea,  wherein  air  is  corapi'esged 
bv  the  action  of  the  diaphragm  and  expiratori-  muecies  of  the 
chest;  2d.  The  larynx,  in  which  tones  or  notes  arc  produced, 
as  in  simple  tiong,  by  vibrations  imparted  to  the  outgoing  air; 
and,  'M.  The  mouth  and  parts  above  the  trachea,  where  Kounds 
prociuced  in  the  larynx  undergo  modification  to  form  articulate 
speech. 

429.  The  Larynx  and  Song. — Tbe  larynx  may  be  briefly  de- 
scribed as  a.  box  formed  of  articutatcd  plates  of  cartilage  moved 
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me»nij  of  muscles.  It  h  plnced  »t  tLe  Buinmit  ot'the  troc-hca 
wiiui-pipe,  and  through  it  outgoiug  air  paeaes. 
The  cuvity  of  the  larynx  is  not  entirely  free,  but  bears  upon 
walls  certain  membranous  structurea,  called  the  vofvil  t'hnrds. 
ly  the  actiou  of  muscles  the  tension  of  these  chords  may  be  so 
'thanf^cd  that  at  one  time  the  paAsago  it  almost  without  obstruc- 
tion, 08  during  ordinary  reHpirutiou ;  while  at  uaother,  it  is  re- 
duced lo  a  tnere  slit.  When  air  is  forced  through  this  cbink- 
tilce  opening  or  glottis,  the  vocal  chords  or  valves  are  throwu 
into  ribratiou,  anu  notes  arc  Bounded. 

According  as  the  tension  on  thoBC  chorda  or  ligaments  h 
varied,  a  higher  or  lower  note  is  formed;  a  high  note  ariaiag 
when  the  tension  is  greater.     In  their  action  tiie  vocal  ebortw 
^roaj  be  likened  to  the  vibrating  tongues  of  reed  instruments 
B(8S3),  the  sound  being  caused  by  a  series  of  impulses  which 
"■rise  in  Llic  reaction  of  the  issuing  current  of  air  upon  the  elas- 
ticity of  the  reeds  or  vocal  chords.     There  is,  however,  this  im- 
portant ditterence,  that  whereas  the  metal  tongue  of  the  reed 
can  only  yield  a  single  note  of  a  fixed  pitch,  the  vocal  chords 
Bnnit  many  notes  of  (Hflerent  pitdi,  auooruiug  to  the  wish  of  the 
^nger. 

Tlie  notes  jjivon  forth  by  men  are  lower  than  those  formed 
by  women.  Since  the  larynx  is  larger,  and  the  vocal  ligaments 
longer  and  thicker,  ihey,  tlierefore,  vibrate  more  slowl}-  and 
produce  a  lower  tone.  When  the  vocal  chords  vibrate  through- 
out their  whole  length  the  po-called  ehct  notes  are  tbmied;  when 
confined  to  the  free  edges, /nijWto  notes  arise. 

The  average  extent  of  scale  of  the  human  voice  is  about  two 
QOtaves.  To  this,  important  exceptions  are  occasionally  seen. 
Catalini,  for  example,  is  said  to  have  had  a  compass  of  three 
knd  a  half  octaves. 

••Although  a  few  exceptional  singers  can.  so  to  speak,  acro- 
batize  in  music  to  the  wonder  of  the  public,  yet  the  really  good 
and  usable  part  of  their  compass  for  every-day  work  is  com- 
paratively limited,  and  if  ihey  are  called  upon  frequently  to  sing 
filhcr  at.  ibcir  bighcHi  or  lowest,  the  voice  rapidly  deteriorates, 
and  wonder  is  idmnged  to  compassion.  Violins  cannot  be 
'screwed  up  or  down'  too  much.  It  is  better  to  alter  the  thick- 
ness of  their  strings.  The  thin  strings  are  particularly  objec- 
tionable in  instrnmonts  only  too  prone  to  be  played  cuttingly. 
Clarionets,  oboes,  and  trumpets,  when  made  snort  and  narrow 
for  high  pitch,  are  simply  tit  to  be  hearil  out  of  doors,  as  in 
piilitary  bands.'' 
Bi  The  wave  length  of  the  sounds  of  the  ordinary  voice  in  women 
^tiring  conversation  is  from  two  to  four  feet.  With  man's  voice 
it  is  eight  to  twelve  feet. 
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430.  The  Mouth  and  Speech. — To  the  laryux  the  mouth  or 
hncciil  ciivity  acts  llie  part  of  u  resonator,  enustng  the  wUoit 
apparatQti  to  bv&v  a  cloee  resemblance  to  a  reed-orgau  pipe. 

While  the  inlenattji'  of  the  human  voice  licpentls  upon  the 
force  with  which  air  ia  driven  throngh  the  glottis,  aiid  its 
pitch  upon  the  tonttion  of  the  vocal  (ihords,  the  quality  is  the 
result  Ola  variety  of  eauiWfl.  Among  these  are  the  form  of  each 
larynx;  length  and  elasticity  of  it«  vocal  chorda;  resouana 
value  and  a<:tion  of  the  buccal  aud  uasul  cavities,  and  other 
parts  in  the  vicinity. 

The  chief  point  of  interest  in  connection  with  the  mouth  is 
ita  agency  in  the  formation  of  articulate  speech.  Words  con- 
sist of  voweU  intermingled  with  consonants. 

8ince  a  note  can  only  be  said  or  sung  on  a  vowel,  these  may 
be  regarded  a^  the  essential  elements  of  speech.  Foster  eayt, 
whenever  a  note  ia  sounded  by  the  larynx  we  recognize  ia  it 
features  by  which  we  detect  one  or  another  of  these  soaniie. 
Vowels  are  in  reality  exaggerated  examples  of  quality  in  which 
certain  ovcrlonc&  are  tntcnaified,  as  found  hy  their  analysis 
(419).  The  particular  tones  which  arc  reinforced  in  tlie  diflereat 
vowel  tiouuds  may  also  be  determined  by  holding  vibrating 
tuning-forks  of  various  tones,  one  after  another  in  front  of  the 
raoutii  when  it  is  arranged  for  pronunciation  of  diflerent  vowels, 
and  observing  those  that  have  their  note  intensiticd. 

The  udjustuieiits  of  the  buccal  and  pharyngeal  cavities  br 
which  this  proniiueiice  of  xpeciat  overtones  is  produced,  is 
ilhistrated  as  follows.  AVhen  for  example,  eciii  feet,  or  a  io 
fat,  is  sounded  the  larynx  is  raised,  tlic  lips  retracted,  and  the 
buccal  cavity  or  resonator  made  very  short.  In  producing  a  in 
iather,  the  moutli  is  opened  wide,  the  buccal  cavity  assuming  a 
funnel  shape  with  the  point  at  the  pharynx.  For  o,  the  same 
shape  is  again  iitsutneil,  but  the  lips  arc  protruded  and  the  length 
of  the  resonator  increased.  The  greatest  elongation  of  the  reso- 
nator tube  is  reached  in  producing  u,  with  the  sound  oo. 

By  means  of  Koiiig's  nianometrtc  flames  vowels  are  found  to 
have  the  following  composition. 

A,  contains  in  addition  to  the  fundamental  tone,  the  2d  har- 
monic froblfi,  the  3d  atrong,  and  the  4tli  feeble. 

E,  the  fundamental  tone  feeble,  2d  harnionic  strong,  3d  feeble. 
4th  stronc,  5th  feeble. 

I,  very  nigh  harmonics,  the  6th  especially  strong. 

O,  the  fundamental,  2(1  harmonic  strong.  3d  and  4th  feeble. 

U,  fundanioiital  with  3d  harmonic  moderate. 

In  euphonious  or  pure  speech  the  posterior  uares  are  closed  by 
the  sot)  palate,  for  if  a  candle  flame  be  held  in  front  of  the 
Doetrils,  it  proves  that  air  is  not  escaping  through  that  chauueU 
If  the  closure  ia  imperfect,  the  sound  at  once  beuomcs  naaal  in 
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larnctcr,  and  air  pasf^s  from  tlio  nostrils.     The  naaal  character 
aUo  caused  when  ilu:  anterior  nares  arc  cln^cd  hy  holditijf 
the  no«e  between  the  thumb  and  ibrelinger,  the  iiattal  cavity  then 

t acting  aa  a  reaonator. 
[    Coiisonantb  arise  from  various  interruptions  and  modifications 
of  the  expiratory  blast  nf  air,  and  are  not  produced  by  vibra- 
tions of  the  vocal  cliords.    They  are  classified  according  to  the 
maDiier  and  posiitoti  of  interruption,  ac  follows  : 

Kxpioniueg, 


LobiaUr 
Dvnul*. 

II 

without  voice 
with  voici' 
wittiout  voice 
with  voic« 
withoiit  vokv 
with  voica 

A^raUv. 

.    P. 
.     B. 

.    T. 
.    D. 
.     K. 
.    0  (hnnl). 

Labiib, 

OenUlt. 
II 

OuUtinb 

■1 

without  voice 
wiih  vi)ic«! 
wittiuut  voict: 
with  voice 

wiUimil  voice 
with  voice 

Aeaonan/s. 

.     P. 

.    V. 

.     8,  L.  Sh,  Th  (hiKl). 
Z,  /ti  (in  HKuro,  the 
Frenchj),Th  [«oa). 

.     C  U  (M  in  loch). 
G  li  {»  in  lough). 

Denuli 
OuUunil 

■ 

Vitrjtiory. 

.     NQ. 

UibUI 

Xot  kiu)wn  in  Euro- 

DvnUl 
Uuiiurml 

■ 

[>c»n  ipM^h. 
.     R  (common t 
.     R  (^ttural). 

A  whisper  is  spcecli  witliout  sounding  the  vocal  chords;  it  is 
produced  by  action  of  the  lips  and  tongue  upon  the  expired 


431.  Tenirilottuiam  is  simply  an  accurate  imitation  of  sounds 
M  tber  woulil  be  heard  by  the  car  of  the  listener  if  given  forth 

Jn  various  positions,  as  in  a  box.  behind  a  door,  or  in  an  a4it^<>'^iit 
ipartnient.  It  implies  dccciption  both  as  regards  distance  and 
lirectioQ  of  a  sound. 

432.  SimplB  Ear  of  Lower  CreatnreB, — The  most  rudimentary 
form  i>r  fitr  coiit^it^lH  uf  a  sac  lillcd  with  an  albiiminuud  tiuid. 
On  its  waits  the  auditory  nerve  terminates  in  minute  filamenCs. 

ilu  the  fluid  there  are  certain  hard  stony  particles,  the  presence 
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of  which  has  caused  the  eotire  apparatus  to  be  called  an  uto- 
iiihic  ftac. 

Regarding  the  function  of  the  stony  pai'ticteo  there  is  dieputt. 
Some  think  that  when  suund  vibrutiuns  fall  on  the  sac,  \hi 
particles  are  thrown  into  action,  and  produce  sensation  Ity  b 
kind  of  tapping  upon  its  sensitive  wall.  Others,  on  the  con- 
trary, imagine  that  their  function  is  to  act  as  dampors  and  itop 
vibrations  as  soon  as  they  have  produced  their  etlect. 

433.  The  Ear  in  Man. — In  man,  and  in  higher  niamnials.  the 
auditory  apparalne  is  very  complex  in  itfi  structure.  We  know 
how  comnound  a  wave  of  sound  may  be;  how  it  involve*  load- 
noes,  pitch,  and  quality,  the  latter  implying  the  supcrimpotiing 
of  many  harmonics  upon  the  fundamental  tone.  It  is,  tlierefore, 
nut  at  all  HurpriBine  tliat  an  organ  ada^ttcd  to  the  deterininalioii 
of  so  many  data,  should  require  many  parts  for  the  accomplish* 
ment  of  its  purpose. 

Forsake  of  convenience,  the  ear  is  studied  under  three  diri- 
sious:  1st,  external;  2d,  middle;  and,  3d,  internal.  Of  these, 
the  latter  appears  to  be  the  most  essential,  the  others  occu- 
pying a  subordinate  position.  This  cunclusioa  is  baited  upon 
the  fact,  that  in  many  vertebrates, and  in  all  in vortebniles,  there 
is  no  true  external  oar.  In  creatures  whieh  live  in  water,  the 
middle  ear  is  also  wanting,  though  some  imagine  that  the 
swimming  bladder  in  tithes  operates  in  thit;  niunner,  as  it  ie 
connected  with  their  auditory  appararuB.  TTnder  this  hypo- 
thesis it  is  supposed  that  sonorous  vibrations  are  received  fi-om 
water,  and  passing  through  the  body,  are  eonununicatcd  (o  ihe 

air  in  the  swimming  bladder.  Admit- 
ting that  tiiis  is  the  ease,  the  auditory 
apparatus  in  these  creatures  acts  in  the 
same  manner  as  in  air-breathing  animals. 
In  Fig.  186  the  relative  positions  of 
the  leadmg  divisions  of  the  ear  are  repre- 
sented. The  exlerual  extends  to  the 
line  g;  the  middle  from  this  line  to  the 
Ti).«*r.  zig-7:ag  line  beyond  6;  the  rest  comprisee 

the  internal  portion  or  division.  Each 
of  these  parts  consists  of  suhdivisionti,  the  most  important  of 
which  we  shall  describe. 

434.  The  External  Ear. — This  division  consists  of  the  pinna  «t, 
or  major  portion  of  the  external  organ  which  leads  to  tlie  audi- 
tory canal  or  tube,  by  which  sonorous  vibrations  reacli  the 
tympanic  cavity  or  middle  ear.  The  smooth  portion  of  the 
pinna  at  the  entrance  of  the  tube  is  sometimes  designated  as 
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ie  coiiclia.     This  lemt  is  alBO  applie<]  to  tlio  whole  expaTided 
part  of  the  external  ear. 

In  the  majority  of  mammals  the  [liiiiitt  or  concha  is  verv 
movable,  and  is  directed  to  the  point  u'tieticc  sound  is  proceed* 
in^.  lu  man  this  is  not  the  case,  the  appreciation  of  direction 
being  accomplished  h_v  moving  the  head,  though  hi  8ome  persons 
there  is  a  slight  power  of  movement  of  the  ears. 

If  nefd  hardly  he  added  that,  t/ie  function  of  the  pmna  u  to  collect 
tounds  from  a  greater  term,  and  so  aiereaae  the  intewaty  of  the  vUtra- 
tioHS  irtmamiUe^  by  the  attditortf  canal. 

In  the  formation  of  the  external  ear  of  mammale,  the  followers 
of  Darwin  tiad  one  of  their  arguments  in  support  of  the  hypo- 
theBiE  of  the  origin  of  man  from  the  lower  orders.  On  the  outer 
cartilaginous  (.-urvc  of  tiic  human  ear,  atid  uhovc  the  opening 
of  the  auditory  canal  or  meatus,  there  is  a  little  tubercle  of 
cartilage,  which  in  tlie  ears  of  many  people  is  exceedingly  well 
ntarken.  This,  pliilosopherw  tell  us,  is  tlie  remnant  of  the  tip  of 
the  ear  of  the  lower  animals,  and  its  rugiirdiM)  ns  evidence  <if  the 
soarce  from  which  the  human  org»n  has  been  developed.  It  is 
certainly  very  curious  and  interesting  to  note,  in  diltereut  indi- 
viduals, that  the  passage  of  the  ear  through  what  may  be  called 
Bfltyr  tj'pe  to  its  perfect  form  may  bo  easily  traced. 

43«l.  The  Middle  Ear. — Entering  the  petrous  part  of  the  tem- 
jjora)  httne,  the  auditory  canal  expands  to  form  the  cavity  of 
the  middle  ear  b.  This  is  separated  from  the  canal  by  a 
membrane  which  occupies  the  position  g.  Fig.  186.  It  is  called 
the  drum  membrane,  or  membrana  tympani.  The  drum  or 
mitldle  ear  is  tilled  with  air,  and  to  injure  tHjuallly  nf  pressure 
on  each  ^ide  of  the  membrane  a  tube  /,  called  the  Eustachian 
tube,  communicates  witli  the  back  part  of  the  mouth.  Stop- 
page of  this  tnbc  by  mucus,  or  otherwise,  is  at  once  attended 
,by  a  muffling  of  the  sense  nf  hearing. 

Across  the  drum  cavity  ft  a  chain  of  three  little  bones  is  ex- 
tended. Thoy  are  caDe'd  the  maHeits,  incus,  and  slopes.  The 
handle  of  the  malleus  ^»  Hxed  by  its  top  near  tht!  centre  of  the 
menibruua  tympani,  and  the  srajjos  or  stirrup  to  another  mem- 
brane which  closes  an  aperture  leading  to  the  internal  ear,  and 
called  lUe  fenestra  oevde.  To  these  littTe  bones  certain  muscles 
are  attached,  which  by  their  movements  increase  or  diminish 
tension  in  the  membrana  tympani. 

The  fnnction  of  the  drum  membrane  is  evidently  to  receive 
the  vibrations  which  havy  been  collected  by  tlie  pinna.  The 
peculiar  facility  with  which  such  tense  septa  are  anected  by  all 
Kinds  of  vibrations  tits  it  eminently  for  this  purpose  (391). 

Regarding  the  function  of  the  chain  of  bones  there  is  dispute. 
Some  conceive   that   Iheir  chief  duty  is  to  convey  sonorous 
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vibrations  to  the  internal  ear ;  to  this  the  jointed  structure  is  an 
objection.  Others,  on  the  contrary,  think  that  since  they  serve 
as  attachments  tor  delicate  muscles,  they  merely  aid  the  latter 
to  determine  the  amplitude  of  vibration  of  the  membrana  tpn- 
pani,  by  the  force  they  exert  to  hold  it  tense,  and  so  meaeare 
the  intensity  of  sounds  falling  thereon. 

436.  The  Internal  Ear  is  also  called  the  labyrinth.  This  differs 
essentially  from  the  other  parts  in  that  it  is  tilled  with  liqnid 
instead  of  air.  It  consists  of  three  portions:  Ist,  the  vestibule 
or  entrance,  Fig.  186,  e;  2d,  the  cochlea,  rf;  and  3d,  the  semi- 
circular canals,*?.  On,  and  in  these,  the  ultimate  filaments  of 
the  auditory  nerve  are  distributed. 

The  vesiihuk  is  the  entrance  to  the  cochlea  and  canals;  it  is 
represented  at  e.  Fig.  186.  Floating  in  the  fluid  with  which 
the  cavity  is  filled  is  an  ovoid  membranous  sac,  constricted  at 
its  centre;  and  dumb-bell  like  in  shape.  To  the  two  divisiohs 
the  names  of  saccule  and  utricle  are  given.  It  is  also  filled  with 
fluid,  called  the  endolympk;  that  on  the  outside  is  called  peri' 
lymph.  The  membranous  walls  of  this  sac  receive  a  copions 
supply  of  nerve  fibres,  and  in  its  interior  minute  stony  par- 
ticles are  found;  in  its  entirety  it  resembles  the  otolithic  sac  of 
inferior  animals. 

In  addition  to  its  use  as  the  way  of  approach  to  the  innermost 
portions  of  the  car,  the  vestibule,  from  its  structure,  evidently 
has  some  other  function.  What  this  is,  it  is  difficult  to  say. 
Its  resemblance  to  the  otolithic  sac  of  lower  animals  favors  the 
supposition  that  it  serves  for  the  mere  detection  of  noise. 

The  cochlea,  represented  at  rf,  Fig.  186,  is  so-called  from  its 
resemblance  to  the  spirally  coiled  shell  of  a  snail  or  other 
gasteropod  mollusk.  It  may  be  described  as  a  conical  tube,  the 
axis  very  long  compared  with  its  diameter.  This  tube  is  wound 
spirally  around  a  central  axis.  The  spiral  canal  thus  formed  is 
divided  throughout  by  a  septum,  called  the  lamina  spiralis. 
This  bears  the  so-called  orgaTi  of  Corti:  in  its  structure  it  may 
be  likened  to  a  piano,  which  involves  no  less  than  some  3000 
nerve  fibres  or  strings. 

In  (419)  we  have  learned  that  the  resonators  of  Helmholtz  in 
Konig's  apparatus  for  analysis  ot  sound,  respond  by  their  sensitive 
flames  to  the  fundaniental  and  overtones  of  any  note  in  their 
vicinity.  So  the  fibres  of  the  organ  of  Corti,  acting  like  reso- 
nators, determine  the  fundamental  tone,  or  pitch,  and  the  over- 
tones, or  quality,  of  each  note  that  gains  access  to  the  cochlea. 

We  have  disposed  of  tlie  measurement  of  intensity,  pitch, 
and  the  ([uulity  of  sounds,  yet  there  still  remains  a  very  im- 
portant part  of  tlie  labyrintli  the  function  of  which  is  involved 
in  obscurity,  viz.,  the  semicircular  canals.     These  are  three  small 
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i,  represented  iit  c.  V\^.  186.  They  ure  each  bent  in  the 
of  a  semicircle  ami  iirrantfed  lo  occupy  three  phmes  at 
'right  angles  to  each  other.  As  tliey  embrace  the  dimensions  of 
fileii^h,  breadth,  and  tliiekness,  it  has  been  sapposed  that  thev 
tdcicrminc  the  direction  whence  sounds  reach  the  ear.    This 

tiiay,  however,  he  acconipUHhed  in  ottier  \v&y»  as,  lor  example, 

br  biauml  amiilion.     In  conncetion  with  this  gueRtion,  Prol*. 

(jrabiim  Bell  has  pubtiHhedaii  intereotitig  memoir  in  the  "Anieri- 
[caii  Journal  ot  Otuloiry."  From  tliit;,  tbe  following  de<ltictionB 
tinay  be  drawn :  Ist,  The  perception  of  the  direction  of  a  source 

of  sound  is  posfiihle  by  u  sinffle  car.     2d.  It  is  more  perfect  by 

binural  than  by  monaural  obacrvation.  3d.  It  is  more  accurate 
Jin  tlie  axial  line  of  the  ears.  4th.  The  error  increases  with  the 
tdeparturc  from  ibi^  line,  until  at  90^  from  the  axial  line  it  may 
i  amount  lo  180°.     The  experiments  were  made  in  a  room,  and 

represent  the  results  obtained  under  conditions  influenced  by 

reflection  frotn  the  wiiIIh. 

437.  The  Andipbone  is  an  instrument  contrived  b^  Mr.  R.  6. 
Rbodeti,  of  Chicago.  As  its  name  indicates,  it  is  intended  to 
improve  the  liearing  in  pemous  partially  deaf.  In  its  origioal 
form  it  conaiflts  of  a  thin  sheet  of  ebonite  faahionod  into  the  form 
of  a  fan.  One  side  of  this  is  curved  by  strini^  which  pass  from 
iU  upjKM*  margin  to  the  handle.  tVbcn  iti  une  the  conve.x 
surface  in  turned  away  from  the  peruin,  and  the  edge  prewed 
against  the  front  teeth  of  the  upper  jaw. 

In  a  modified  form  suggested  by  Colladon,  a  strip  of  elastic 
card-board,  known  as  satin-board  or  shalloon-board,  is  used. 
The  edge  where  pressed  against  the  te«th  is  varnished. 

Anotner  mmlifiration  consist.-*  in  the  use  of  birch-wood  veneer; 
this  is  steamed  and  bent  into  the  Hawe  t^hape  as  the  Itistruinent 
of  Ithodes,  and  does  not  requiru  the  use  of  strings. 

For  description  of  the  telephone,  the  student  i«  referred  to 

437  A.  The  Photophone. — This  instrument,  the  discovery  of 
iVof.  Graham  liell,  is  Thus  described  by  S,  P.  Thompson  in 
"  Katyre."  *'  It  bears  the  same  relation  ro  the  telephone  ns  the 
heliograph  bears  to  the  telegraph.  You  speak  to  a  trunsmitling 
iiutrunieni,  which  flashet^  the  vibration  along  a  beam  of  light 
!  to  A  distant  station  where  a  receiving  apparatus  reconverts  the 
light  int^  audible  Bpcoch.  As  in  the  case  of  that  exciulsite  in- 
strument, the  telephone,  so  in  that  of  (he  photophone,  the  means 
to  accomplish  this*  are  of  extreme  Biniplicity." 

"The  tnuismitting  device  consiafa  of^a  plane  ailvered  mirror  of 
thin  glasfi  or  mica.  Against  the  back  of  this  flexible  mirror  the 
ipeaker*B  voice  is  directed  ;  a  powerful  beam  of  light  is  caught 
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bj  a  lens  from  the  Ban  and  directed  upon  the  mirror,  so  as  to  be 
reflected  straight  to  the  distant  station.  This  beam  of  light  is 
thrown  by  the  speaker's  voice  into  corresponding  vibrations." 

"At  the  distant  station  the  beam  is  received  bj  another  mirror, 
and  concentrated  upon  a  simple  disk  of  hard  robber  fixed  as  a 
diaphragm  across  the  end  of  a  hearing  tube.  The  intermittent 
rajs  throw  the  disk  into  vibration  in  a  way  not  yet  explained, 
yet  with  sufficient  power  to  produce  an  audible  result,  thus  re- 
producing the  very  tones  of  the  speaker.  Other  receivers  may 
be  used,  in  which  the  variation  in  electrical  resistance  of  seleninm 
under  varying  illumination  is  the  essential  principle.  The  ex- 
perimental details  have  been  worked  out  by  Prof.  Bell  in  con- 
junction with  Mr.  Sumner  Tainter,  They  have  discovered  that 
other  substances  beside  hard  rubber,  gold,  selenium,  silver,  iron, 
paper,  and  notably  antimony,  are  similarly  sensitive  to  light." 

"The  singular  production  of  mechanical  vibrations  by  rays  of 
light  is  even  more  mysterious  than  the  production  of  vibrations 
in  iron  and  steel  by  changes  of  magnetization.  It  was,  indeed, 
this  latter  fact  which  led  the  discoverers  to  suspect  the  analogoas 
phenomenon  of  photophonic  sensibility  in  selenium  and  in 
other  substances.  Hitherto,  in  consequence  of  the  mere  optical 
difficulties  of  managing  the  beam  of  light,  the  distance  to  which 
sounds  have  been  actually  transmitted  by  the  photophone  is  less 
than  a  quarter  of  a  mile,  but  there  is  no  reason  to  doubt  that 
the  method  can  be  applied  to  much  greater  distances." 
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CHAPTER   XVII. 

TnUOIUES   AND  SOURCES  OK   LIOIIT. 

0|itk9t  ud  lighl  dftflncd — Tliporin  nf  ligbl — The  cth«r — ^Vilintliunx  in  th«  other, 
thrir  niit — S<>tirc«i  at  lielit — -Th^  «Mn — Energj"  tit  solar  B«tiun,  iu  c«u»»— 
Sun,  pUneli,  ati<l  Ml«llil«« — ComcU^Atinotpheric  •ourc<>i>  of  light — Phn*- 
phomvriMw— Flunfmo'nct!— C'aIoroK!ono&— Inrandiauenca  kd<I  nxy  I lyd  rotten 
iisliu— EI«otric  lire  and  llRht — Motion  mnd  lighl— C'nmbuitioD  or  chemical 
[Mlioo — niuininatiuii  "by  gai  fl>mi»— Fomu  of  ^m  bumen — lllumfnuilon  by 
I  Aon  fluid* — Illiiminatlivn  by  flamn  tmrn  laWAh — Constitution  of  flanw 
' — Liftht  and  life. 

438,  Optics  and  Li^ht  Defined. — The  ntudy  of  plienomcna  con> 
nected  with  light,  ami  thuir- application,  is  called  optics.  Liffht 
it  that  form  of  mergy  lehich  by  its  aetion  upon  (hi  rtiina  or  nercmus 
coat  0/ tfit  fife  -protlucts  (he  sensatlDn  of  einion. 

or  t-lie  livL>  Kpcoial  (u^iifles  with  which  man  lias  bcoii  endowed, 
that  nf  siifht  is  the  motst  porfoct.  Serhie^  in  belioviiiff,  la  one  of 
tliv  most  aiict<?iit  of  all  aphorisniH.  Thv  nvn^n  uf  touch  acts  by 
direct  cuntact.  That  uf  taste,  by  touching  hndiusanliible  in  saliva. 
Smell,  by  drflwinjj  In  vaporous  or  frftwon>  sul>stanee3  through 
ihe  noetriU.  The  car  peix'cive«  bodies  when  in  certain  condi- 
tJona  of  vibration,  and  at  moderate  disranccs.  \'isiori,  on  the 
contrary,  nni  only  assures  us  of  the  pre*eiiee  of  Iwdie**  when 
vibrating  in  ench  a  manner  as  tu  emit  lit;ht,  but  also  when  in 
tlio  presence  of  others  from  which  light  is  in  process  of  emis- 
«t>ii.  It  is.  moreover,  vastly  superior  to  hearing,  as  it  can  under 
proper  cirrumstnnces  make  us  acquainted  with  ohjccts  at  almost 
infinite  distances,  and  give  us  accurate  perceptions  regarding 
thoir  direction. 


380  OPTICS. 

439.  Theories  of  Light.  —  There  are  two  theoriee  of  light. 
First,  the  emission  or  corpuscular  theory.  Second,  the  uodu- 
latory  theory. 

The  emission  theory  is  generally  accredited  to  Newton.  It 
assumes  that  luminous  boaiea  throw  off  particles  or  molecules 
with  inconceivable  velocity  in  straight  lines,  and  that  these 
falling  upon  the  retina  or  sensitive  nervous  coat  of  the  eye  pro- 
duce the  impression  of  light  In  view  of  recent  ideas  regarding 
'*  radiant,"  or  "  ultra-gaseous  matter,"  it  has  been  suggested 
that  the  corpuscular  theory  may  be  true,  at  least  for  the  propa- 
gation of  light  through  space,  while  the  unduiatory  theory  is 
correct  as  regards  the  relation  of  this  form  of  energy  to  at- 
mospheric and  other  transparent  terrestrial  media. 

The  unduiatory  theory  was  first  promulgated  by  Huyghens  and 
afterwards  by  Euler,  who  were  unable  to  overcome  the  support 
given  by  Newton  to  the  emission  theory.  It  was,  however, 
shown  by  Young  and  Fresnel  that  by  means  of  the  unduiatory 
theory  many  phenomena  of  diffraction  and  polarization  might 
be  explained;  this  led  finally  to  its  general  adoption. 

According  to  this  theory,  all  space,  both  intermolecular  and 
interstellar,  is  filled  by  an  exceedingly  attenuated  medium,  to 
which  the  name  of  /Ae  luminiferous  ether  is  given.  As  sound 
comes  to  us  by  vibration  or  waves  in  the  atmosphere,  so  Ughi 
results  from  an  inroncdvably  rapid  vibration  of  the  violectdes  of  the 
luminous  body;  these  vibrations,  moreover,  are  transmitted  through  the 
luminiferous  ether  as  wave-like  movements,  and  falling  upon  the  retina 
cause  the  sensation  of  light. 

In  addition  to  these,  an  electro-magnetic  theory  of  light  has 
been  brought  forward  by  James  Clark  Maxwell.  The  main 
proof  of  this  theory  lies  in  the  fact,  that  the  rate  at  which  an 
electro-magnetic  wave  disturbance  would  travel  may  be  calcu- 
lated from  electrical  measurements.  The  rate  at  which  light 
travels  has  l)een  determined  within  very  narrow  limits  of  error. 
The  two  velocities  are  almost  identical.  Maxwell's  generaliza- 
tions on  this  subject  were  founded  on  Faraday's  experiments, 
showing  that  powerful  magnets  could  rotate  abeam  of  polarized 

In  discussing  this  theory  before  the  London  Institution  on 
December  6,  1880,  Dr.  Lodge  says:  *'0n  the  one  hand,  elec- 
trical energy  may  exist  in  either  of  two  forms — the  static  form, 
when  insiiliitors  are  electrically  strained  by  having  had  elec- 
tricity driven  partially  through  them  {as  in  the  Leyden  jar), 
whicli  strain  is  a  form  of  energy  because  of  the  tendency  to  dis- 
charge and  do  work;  and  the  kinetic  form,  where  electricity  is 
moving  tbrougli  conductors,  or  wliirling  round  and  round  them, 
which  motion   of  electricity  is  a  form   of  energy,  because  the 
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Iductoreand  whiriB  can  attract  or  ropel  each  other  and  thereby 
do  work. 

''And,  on  the  otlier  liatid,  tliut  Uglit  ia  tbc  rupid  allernation  of 
energj*  from  one  of  thest*  lornis  to  the  other — Ihe  sTaiic  form 
ubore  the  medium  m  strained,  to  the  kinetic  form,  where  it 
moves;  it  ie  just  coneeivable  tlji'ii  tliat  the  static  form  of  the 
energj-  of  light  ia  eleetro-static,  that  is,  that  the  medium  ie  eUc* 
tricoRy  etraiTied,  and  that  the  kinctiL-  form  of  the  cncr|rv  of  light 
\%  Dlectrf>-kinotic,  that  is,  that  the  motion  is  not  ordmarj*  mo- 
lion,  but  electrical  motion — in  fact,  that  light  is  an  etectrtcal 
vibration,  not  a  material  one.*' 

440.  The  Ether. — Tbf  idt-a  of  the  etber,  upon  llie  existence  of 
which  tlic  iiiidulatory  theory  is  ha.-^ed,  was  first  introduced  by 
Aristotle,  who  taught  there  were  fonr  nuindstic  elements,  earth, 
air,  fire,  water,  ana  a  titlh,  or  extra  mundane,  1o  wliich  lie  gave 
the  name  of  ether,  '*  not  because  of  its  fire,  but  because  of  lis  ethereal 
drciilar  movement."  Regarding  the  presence  of  some  such  ex- 
tremely attenuated  medium  in  celeslinl  space,  Ganot  says: 
"Although  it  presents  no  appreciable  resistance  to  the  motion 
of  the  denser  bodies,  it  is  nosaible  that  it  hinders  the  motion  of 
the  amallcr  comets.  It  has  been  found,  for  example,  that 
Encke's  comet,  whoso  period  of  revolution  is  about  y|  yeare.  has 
its  period  diminished  by  about  0.11  of  a  day  at  each  successive 
rotation,  and  this  diminution  is  ascribed  by  some  to  resistance 
of  the  ether." 

Concerning  the  nature  of  llie  ether,  and  the  character  of 
luminous  vibrations,  I^eschanel  observes:  "  B'rom  the  extreme 
facility  vi'ith  which  bodies  move  about  in  it.  we  might  be  dis- 
posed to  call  it  a  subttc^uiVf;  but  the  undulations  which  it  serves 
to  projMigate,  are  not  such  as  can  be  pro|iagated  by  fluidi*.  Its 
elastic  properties  are  rather  llioso  of  a  solid,  and  its  waven  ore 
analogous  to  the  puUes  wliich  travel  along  the  wires  of  a  piano 
rather  than  to  the  wave^  ol' extension  and  compresuion  by  which 
sound  is  propagated  through  air.  lAmmous  vihrntious  are  trans- 
tvrae,  white  ihosr  ofso>aid  are  longitudinal" 

441.  TtbTStioas  in  the  Ether,  their  Rate. — "Vibrations  are  capa- 
ble of  producing  otlier  eliects  (ban  ilhiminatton.  They  consti- 
tote  radiant  heat,  and  create  chemical  effects,  as  in  photography. 
Those  of  high  fre<juency,  or  short  period,  are  the  most  active 
chemically.  Thone  of  low  freqiiencv,  or  long  period,  have 
usually  the  most  powerful  heating  enects;  while  those  wbich 
aHoet  the  oye  with  the  senwc  of  li*?bt  are  intermediate." 

The  rate  of  vibration  also  varicft  with  the  color  of  the  light, 
in  the  caso  of  red  light  being  482.0(30.000.000.000  or  482  (unit) 
12  per  second ;  and  for  violet  707.000,000,000,000,  or  707  (unit) 
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12.  In  like  niaiPiier,  tbe  wave  length  varies,  being  about  j^J^ 
inch  I'ur  rtid,  and  sq^it^  *"■■  violet  light. 

Ab  with  Bounci,  amplitude  of  vibration  increoaes  inten»)tT,«o 
with  light,  brilliauc^v  ia  dopeudeul  upon  an  augmeutation  of  the 
amplitude  of  vibration. 

An  advantage  arises  in  the  study  of  light  at  this  point,  aa  the 
visibility  of  iia  uourau  through  sinoky  air  euahles  us  to  illuittnte 
many  properties  which  it  possesses  in  common  witli  heat.  Thft 
Utter  may,  tberetbre,  be  better  und«ratood  after  the  furmer  has 
been  examined. 

442.  Sooxces  of  Light. — The  moBt  convenient  plan  to  adopt  io 
the  coneiderution  of  this  fluhject,  is  to  divide  all  sources  into 
natural  and  artiticial.  The  suu.  the  chief  source  of  the  ener;gy 
which  comes  to  this  earth  from  the  exterior,  heads  tlielistai 
J)eing  the  most  important.     With  it  we  may  associate  the  Btar*" 

id  nebulte,  which  are  solf-luniinouR.  Then  among  celestial 
bodies  comets  would  follow,  shining  partly  by  intrinsic  liglit 
and  partly  by  rellectiou :  then  the  planets  and'  their  sutclliies, 
which  give  out  only  reflected  light. 

Following  upon  celestial  are  the  atmospheric  natural  eou 
as  moteurEi,  lightning,  and  auroras,  whicn  originate  their  own 
light,  the  first  by  combustion,  the  others  by  electric  action  ;  and 
cloudlight,  twilight,  and  raiubowt«,  which  are  modifications  of 
sunlight,  resulting  from  reflection  and  refiuction.  To  ijiese, 
certain  terrestrial  sources,  ait  phosphorescent  and  fluoresoeot 
action?,  are  to  be  added. 

Among  artiticial  sources,  the  1st,  from  ita  simplicity  and  uni- 
versal application,  is  combustion,  whether  of  gae,  oil,  solid  fat. 
wax,  wood,  or  coal.  2d,  on  account  of  its  intrinsic  brilliancy, 
the  electric  arc,  3d,  ignition  either  by  the  electic  current,  or 
by  heat  from  an  oxyhydrogen  flame,  or  other  source.  4tb, 
mechanical  action,  a^  the.  impact  of  a  huHet.  or  indirectly 
through  intervention  of  magnetism  and  electricity,  as  in  lights 
developed  by  dynamo-electric  aiachiueB. 


443.  The  Sun. — The  distance  of  the  sun  from  the  earth  was 
formerly  given  at  9.^,000,000  miles,  recent  cxi)erimentR  and  <uil- 
culations  put  it  about  91,600,0^)0  miles.  It«  diameter  ia  865,000 
miles.     Its  mean  density,  onc-cjiiarlcr  that  of  tbft  earth. 

As  regards  its  structure,  various  opinions  are  held.  Some 
conceive  that  it  consists  of  a  dark  Internal  core,  outside  of  this 
are  envelo|ics,  the  lirst  being  the  photosphere,  or  light-emitting 
layer;  exterior  to  this  the  chromosphere,  and  outside  of  all,  the 
corona,  extending  a  million  miles  or  more. 

Regarding  the  physical  eondittoQ  of  the  material  which  emtta 
solar  light,  Professor  Tait,  after  discussing  the  formation  of 
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irk  ab«orptiou  linee  in  a  spectmni,  and  the  existence  of  these 
linos  in  the  solar  Bpectrum,  snys,  i)iig«  2VJ:  "We  arrive,  thore- 
fftre,  at  the  conclusion  thnt  the  siiulight  must  have  come  origin- 
ally from  some  black  body,  or  opuque  eubetance,  which  is  in- 
tensely ^elf-himinnufl,  and  which  may  be  either  in  a  solid  or 
in  a  liquid  state — poBsibly  even  in  the  state  of  extreme]^  com* 
presaed  gas.  Iluwevur  ihiH  may  be,  tiie  source  of  light  in  the 
Bun,  whatever  it  is,  mnet,  in  so  far  as  we  can  see,  give  ofl'  all 
kindx  of  radiations,  so  it  is  practically  a  black  body. "  Again, 
page  248,  he  adds:  **The  sourcu  of  eunlijrht  may  not  be  a  solid 
or  even  Uauid  globe — it  may  be  merely  a  great  thickness  of  very 
hot  and  highly  conij>re8sed  gas;  in  fact,  it  soems  quite  poeeible 

rat  no  portion  of  the  sun  may  be  as  yet  even  liquid." 
Of  the  cfaeniical  nature  of  the  njaterials  composiug  the  sun 
oar  knowledge  is  still  imperfect,  owini^  to  oliatiges  iti  the 
spectra  yielded  by  various  elements  under  dift'ureiit  tempera- 
tures, and  other  causes.  For  information  regarding  these  the 
student  ii»  referred  to  the  admirable  ]mper  of  Loekyer,  in  "Na- 
ture." vols.  xxii.  and  xxiv.;  and  of  Prol.  Young,  "Am.  Journal 
of  Sciences  and  Arts,"  vol.  xii.  pa^  821.  It  may,  however,  be 
said  that  a  sutfitjient  number  of  comeidcnces  between  the  dark 
linea  of  the  eulur  spectrum  and  tiie  lines  yielded  by  ditferent 
metals  have  been  ubttiined  to  i^how  that  the  majority  of 
metals  exist  in  the  sun.  Regarding  the  non-inetalHc  elements, 
opinion  varies.  In  the  case  of  oxygen,  certain  well-known  lines 
wliich  I  submitted  to  photographic  examtnutton,  are  represented 
by  exceedingly  faint  dark  lineB  in  the  twilar  spectrum.  These 
only  appear  when  dlHi>er!>ion  in  very  great,  and  the  slit  used  in 
forming  the  spectrum  exceedingly  narrow.  See  "Am.  Journal 
of  Sciences  and  Arts,"' vol.  xvi.  page  256,  and  lol.  xvii.  page  448. 

444.  Energy  of  Solar  Action,  its  Caase. — Since  sunlight  is  asso- 
ciated with  ln'iit,  the  lalier  atlordji  us  means  of  making  an 
estimate  of  the  energy  of  the  actions  laking  place  in  our  central 
luminary-.  The  expuriTuents  and  computations  of  Pouilletaud 
Ilerschd  show  that  the  heat  received  by  the  earth  from  the  sun 
is  suthcicnt  in  one  year  to  melt  a  layer  of  Ice  about  one  hundred 
feet  in  thicknesa,  covering  the  surliice  of  the  earth.  On  tliis 
baais,  since  "  the  earth  occupies  only  a  very  small  extent  in  space 
as  viewed  from  the  sun;  if  we  lake  into  account  the  radiation 
in  all  directions,  the  whole  amount  of  heat  etnitted  by  the  sun 
irill  bo  found  to  be  about  2,100.000.000,000  times  that'  received 
by  the  earth,  or  sutHcient  to  melt  a  thickness  of  two-tiftlis  of  a 

rile  of  ice  ]>er  hour  over  the  t*urface  of  the  sun." 
Concerning  the  production  of  this  immense  (juautity  of  hoat, 
and  also  of  light,  three  hypotheses  have  been  advanced.    The 
tint  wua  that  of  chemical  combination  or  combustion,  this  cuu 
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uow  ficarcvty  be  said  Co  havo  any  upholders.  Rogarding  the 
otiiem,  Deschaiiel  sa^'s,  "  The  only  causes  that  appear  at  all 
adequate  lo  produce  sucli  an  enormous  eftect^  are  Oio  energ)-  of 
the  cutcstial  motiuiis,  und  tliu  putetitial  uiicrg^'  of  uolur  gruvilx- 
tiou.  The  motion  of  the  earth  in  its  orbit  Is  at  the  rale  of  about 
9Cj500  fuet  per  second.  The  kinetic  energy  o(  a  |Kiunil  of 
matter  moving  with  this  velocity  is  equivalent  to  about  104,000 
pound-degrees  Centigrade,  whereas  a  pound  of  carbon  produce* 
by  its  oombustiou  otuy  8080.  The  inferior  planets  travel  with 
greater  velocity,  the  square  of  tlie  velocity  oeing  inversely  m 
Sie  diatance  from  the  sun's  centre,  and  the  energy-  of  motion  la 
proportional  to  the  stjuare  of  velocity.  It  follows  that  a  ponnd 
of  matter  revolving  in  an  orbit  just  outside  the  sun  woula  have 
kinetic  oncrfv  about  220  times  greater  tlian  if  it  travelled  with 
the  earth.  It  this  motioD  were  arrested  by  the  lM>dy  plungine; 
into  tlie  jiun.  the  beat  generated  would  be  about  2iOO  luu« 
greater  than  tliat  given  out  bv  the  combustion  of  »  pound  of 
charcoal.  We  know  that  small  bodies  are  travelling  about  in 
Urn  celestial  spaces,  for  they  often  become  visible  to  us  as 
meteors,  their  incandescence  being  due  lo  the  heat  ^noratcd  by 
their  friction  against  the  earth's  atmosphere,  and  there  is  reason 
to  believe  that  nodics  of  this  kind  compose  the  immense  cireuro- 
Bolar  nebula  called  the  zodiacal  light,  and  ulao,  possibly,  the 
et)lar  corona  which  becomes  visible  m  total  eclipses.  It  is  prob- 
able that  these  small  bodies,  being  retarded  by  the  resistance  of 
an  ethereal  medium,  which  is  too  rare  to  interfere  sensibly  with 
the  motions  of  such  large  bodies  as  the  planets,  arc  j^mdually 
sucked  into  the  sun,  and  thus  furnish  some  contribution  towards 
the  maintenance  of  solar  heat.  But  the  perturbations  of  the 
inferior  planets  and  comets  furnish  an  approximate  indicatiou 
of  the  cjuantily  of  matter  circulatiug  within  the  orbit  of  Mercury, 
and  this  quantity  is  found  to  be  such  that  the  licat  which  it 
could  produce  would  only  he  equivalent  to  a  few  centuries  of 
solar  radiation." 

'*  Ilclinlioltz  has  suggested  that  the  sinallneBS  of  the  sun's 
density^-only  one-fourth  of  that  of  the  earth — may  be  due  to 
the  expanded  condition  consequent  on  the  possession  of  a  very 
high  temperature,  and  that  this  high  temperature  may  be  kept 
up  by  a  gradual  contraction.  Contraction  involves  approach 
towards  uic  sun's  centre,  and.  therefore,  the  performance  of 
work  by  solar  gravitJitinn.  By  assuming  that  the  work  thus 
done  yields  an  equivalent  of  heat,  he  arrives  ut  the  conclusinn 
that,  if  the  buu  were  of  uniform  density  throughout,  the  heat 
developed  by  a  contraction  amounting  to  only  one  teu-Uiousandth 
of  the  solar  diameter,  would  be  na  much  as  is  emitted  by  the 
BUT!  in  2100  years." 
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445.  Stan,  FlftDetR,  and  SateUitct. — Like  our  sun,  the  fitarfl  are 
in    tliernstlvus    luitiiiunih.     Our   iireaeiit   kiiowlutigt;  rejifurdiug 
beiii   Iin4  been  ohtainecl  cliieHy  uy  tlie  study  of  Oieir  spectra, 

e  spectrum  aimivsis  i647).     Pi'ofeasor  Tait  gives  the  follow- 
ng  as  a  summary  tliereof. 

"When  wc  compare  the  spectra  of  different  stare  with  that 
'of  the  Rui),  wo  come  to  some  very  curious  conclusidus.  We  find 
four  clafwes  of  spectra,  iia  a  rule,  amoti^  the  ditt'erent  Jixed  stars 
which  Iiave  seemed  of  iniportaucc  enoiigli  to  he  sieparately  ex- 
amined. The  firet  claHK  of  Hpectra  are  ili(>«e  of  white  stare. 
You  see  an  admirahle  example  in  V*^^,  and  imotlier  in  Sirius, 
or  the  dog-etar.  Alt  these  white  stars  have  this  characteristic, 
that  they liave  an  aliiiotui  continuous  spectrum  with  few  dark 
Hues  crossing  it,  and  these  few  for  the  most  part  lines  of  hydro- 
gen. These  stars  arc  in  all  probahility  at  a  considorahly  liigher 
temperature  tiian  the  sun.  Then  you  come  to  the  class  of  yellow 
Mare,  of  which  our  sun  is  an  examole.  In  their  spectra  vou 
have  many  more  dark  lines  than  in  tiiose  of  llic  white  stars,  out 
fou  have  nothing  of  tlie  nature  of  nebulous  bands  crossing  the 
spectrum  such  as  you  tind  in  the  third  claso;  still  less  have  you 
carious  zones  of  shaded  lines  which  you  have  in  the  fourth  class 
of  stars.  This  classiticatiou  seems  to  point  out  the  ijertod  of 
life,  or  phase  of  life  of  each  particular  star  or  sun.  When  it  is 
fornied  by  the  irai»act  of  enormous  quantities  of  matter  coming 
together  by  gravitation,  you  iuwe  the  very  ucurly  continuons 
spectrum  of  a  glowing  white  hot  liquid  tir  solid  body  (or,  it  may 
be,  dense  gas),  the  sole,  or  nearly  sole,  absorbent  being  gaseous 
hydrogen  in  comparatively  small  quantity,  and  the  spectrum 
luiving,  therefore,  few  absorption  lines.  Ab  it  gnulually  cools, 
tuorc  and  more  of  tliose  gasea  surrounding  its  glowing  surface 
become  absorbent,  and  so  you  have  a  gi-eater  number  and  variety 
of  linos.  Then,  as  it  still  "further  cools,  you  have  those  nebulous 
hands  which  seem  to  indicate  the  presence  of  compound  suh- 
•tuacos  which  could  not  exist  in  the  first  two  classes,  because 
there  the  temperature  is  bo  high  as  to  produc*e  dissociation. 
8till  further  Lfimplexity  of  compounds  will  be  found  in  the  at- 
mospheres of  the  fourth  class.  But  sometimes,  as  in  the  ca«e 
of  tcmporarv  stars,  a  spectrum  of  the  fourth  class  is  suddenly 
crossed  by  the  bright  lines  of  hydrogen — showing  cither  a  laat 
cfibrt  in  tliM  discharging  of  red  flames,  or  a  flicker  due  to  some 
last  chunco  impact  of  meteoric  raatt«r.  Ho  tliat  we  can  stody, 
ai>  it  were,  not  the  succession  of  phases  of  life  in  any  one  par- 
ticular sLur,  but  ditfcrutit  siniultanuous  phases  in  many;  we  can 
study  some  stars,  us  it  were,  starting  into  life,  others  getting 
older,  others  older  and  older:  and  we  occasionally  tind  a  most 
remarkable  circumstance  hap|iening  with  a  star  that  has  prac- 
ly  died   out — a  star  which  is  scarcely  noticeable  by  the 
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ftstronomer.  Such  a  **tar  occasioually  has  an  outburst  reuderiug 
it  for  a  little  time— stinietimeB  for  several  ^cars — lut  hriphi  u 
Jupiter  itself.  One  such  case  very  luckily  occurretl  wiihln  tli^ 
spectroscope  period.  It  wag  carefully  exainined  by  Hijggin.sand 
tliB  result  of  the  examination  was  to  show  thai  it  was  i  ^»r 
which  had  gotte  on  cooling,  or  at  all  events  had  reached  tbu 
lowest  of  ite  cooling  stages,  out  suddenly  became  bright  becaaee 
of  an  outburst  of  hydrogen.  Bright  lines  broke  out  acrowit* 
spectrum,  showing  that  the  incandescent  gus  whicli  waii  in  iu 
atmosphere  was  at  a  higher  teinperatui-c  than  the  star  itself" 

The  planets  which  belong  to  our  system  and  their  niuooti  or 
satellites,  all  »1iinc  by  reflected  light,  which  originates  in  the 
sun.  Tliey  do  not,  thercfon-,  present  any  additional  poinrs  flf 
interest.  The  same  may  be  said  of  other  celestial  sources  of 
light,  with  the  exception  of  comets. 

446.  ComstB. — Of  all  celestial  pheuomcna,  (bat  ot  the  cofm^^H 
with  ii3  wonderful  expanse  of  tail  has  alwa^'a  commanded  t!^^ 
attention  of  men.  In  aucient  days  they  were  thought  to  be  the 
evidence  of  the  anger  of  an  avenging  deity,  and  men  sougbl 
to  avert  impending  doom  by  supplications  and  aacritiees.  The 
belief  is  now  almost  universal,  that  bv  collision  with  one  of 
these  wanderers  in  space,  the  earth  will  meet  its  deBtniciion. 
While  we  have  neither  space  nor  inclination  to  enter  upon  the 
discussion  of  so  improbable  un  events  there  is  one  point  regard- 
ing the  structure  of  comets  of  especial  interest  to  physicians. 
It  IS  derived  from  the  study  of  their  spectra.  Regarding  tLem. 
Profeasor  Tait  says: 

'*  Such  small  comets  as  have  been  observed  have  given  spectra 
which  are  extremely  well  worth  uoticiiijg.  These  observa- 
tions seem  to  show,  first  of  all,  that  the  tailof  a  comet  gives  a 
spectrum  like  that  of  the  moon,  or  other  body  illuminated  by 
sunlight:  in  other  words,  that  the  tail  of  the  comet  is  not  -lelN 
luminous — that  it  .shines  by  scattered  sunlight.  Jtnt  the  head 
of  tlie  comet  shows  in  general  a  spectrum  which  indicates  the 
presence  of  glowing  gas;  that  is  to  say,  its  spectrum  is  not  con* 
tinuouH,  nor  is  it  visibly  intersected  by  dark  lines.  It  consists 
of  three  bright  bands  of  light,  each  sharply  tcrminater]  towards 
the  red  end  of  the  spectrum,  and  shading  away  upwards  to  the 
violet  end.  Now  Mr.  Huggins,  who  first  observed  this,  was 
struck  by  the  reseniblatK-e  ol'  tliis  epeclrutn  (as  he  saw  it  in  the 
telescope)  to  a  terrestrial  spectrum  which  he  had  noted  Iwfore; 
and  going  over  his  note-book,  ho  found  it  resembled  the  de- 
Uneation  of  the  spectrum  of  a  hydrocarbon,  such  as  olefiant 
ga8>  rendered  incandescent  by  passing  au  electric  discharge 
through  it." 

Setting  aside  the  question  of  luminosity,  that  of  the  presence 
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of  a  hydrocarbon  (wliicli  iiiiKht  piisdibly  be  an  organic  buiiy)  in 
the  uuduus  of  coDieU,  Ii»6  given  rist^  to  the  wildest  euecqlatious. 
Ii  ha»  bticn  snggestod,  and  not  ulto^tiier  in  sport,  tlmt  in  some 
occalt  way  a  cornel  may  first  have  brougbt  the  gcrma  of  life  to 
[Use  eartli. 

447.  Atmoipheric  Sonreei  of  Light. — Amon^  the  atmoRpheric- 
soiirces  of  lii^lic  (44'J}.  aru  uurorus  and  li^httiiiig.  TheDu  {loe- 
sees  a   certain    intei'es!    by   virtue   of   tbeir    relations    to    the 

,«lectric  conditions  of  air,  and  the  forniation  of  ozone,  or  active 
)xygcn;  and  also  from  their  etiecla  upon  the  c-onipuBS,  and  dip- 

'ping  needles.  Sinct?  th^ir  relation  to  man  and  his  interests  are 
rather  through  tleutrii:  than  Inminous  properties,  wo  shall  defer 
consideration  of  them  to  the  domain  of  electricity. 

448.  FfaoBphoreBoeace  may  be  detincd  ae  the  power  which  mimy 
^bodies  possess  of  emitting  light  under  the  influence  of  certain 
Bstiniuli.     This  is  attended  by  little  or  no  beat.    The  conditions 

favorable  to  the  lievelopinent  of  phosjihorescenee  are; 

I         Isl.  Spontaneou*  phoaphorescences  resulting:  let,  from  ner- 

Bvouauclion;  2d, slow  oxidation;  8d,  decay  ol' organic  substancee. 

'Kxamples  of  the  tiratarc  seen  in  certain  articulates,  as  the  glow- 

worm  and  Aretly:  in  numerous  aca/t^/ite,  or  jelly-lish,  some  of 

which  arc  very  large:  in  minute  rhizopods;  certain  tropical 

animalcules  emit  a  luminous  matter   so  diffusive,  that   when 

SUoed  in  a  tumbler  of  water  they  illuminate  the  entire  maaa  of 
nid. 
H     Kxamptus  of  production  of  light  by  slow  oxidation  are  seen  in 
H'the  caAO  of  active  phosphorus  and  of  many  of  its  solutions. 
H     Organic  matter,  both  vegetable  and  animal,  at  a  particular 
Hsiatfe  of  decay   emits   light.     Certain    kinds  of  wood,  among 
■  which  is  the  willow,  pofltiesc  rbis  property  in  a  marked  degree, 
and  it  is  not  improbuble  that  to  this  cause  the  ignis  ftUm  may  be 
attributed.     Amouj'  animal  siructures  mauy  fish,  as  herring, 
mackerel,  smelt,  w-nen  dead,  of^en  become  phosphorescent  in 
the  dark.      The  8amo  phenomenon   has  also  appeared  in  the 
dying,   and    recently    dead,   human    body.      It  disappears   the 
moment  putrefaction  has  fairly  set  in. 

:M.  Mechanical  action;  like  friction,  cleavage,  [leruuBsloUf  aa 
when  two  qQurtr.  pebbled  are  rubbed  or  struck  against  each 
other,  or  when  pieces  of  white  sugar  are  rubbed  together  or 
broken  in  the  dark. 

3d.  Heat.  In  the  case  of  many  minerals,  temperatures  of 
800°  F.,  or  less,  riulhee  for  the  development  of  phosphorescent 
light.  Among  fiiich  bodies  are  certain  diamonds,  and  particu- 
.Jarly  chioropfutne^  a  species  ot  tluor-spar. 
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4th.  Electricitji';  e^pectall^'  \u  the  caae  of  tipurkd  from  the 
fritrtional  machine  and  induction  coil.  The  HulMtances  wLic-b 
become  luminous  by  the  actiou  of  thia  agent  are  generally  ihoee 
which  attain  this  property  ^vhcu  submitted  to  sunti^bt. 

5th.  Insulation,  Many  substances  cxpoeedto  sunlight  become 
pliosplinresccnt  in  the  dark;  dilfu&e  aayli^ht  causes  t}ic  haaie 
result  in  a  less  dcCTee.  This  was  first  observed  in  tlie  case  of 
the  sulphide  of  barium  or  Bolognese  phosphorus  in  13<M. 
8iuce  then  many  other  eubaljuiues  have  been  added  to  the  liitt, 
their  power  being  in  the  order  their  names  are  given. 


Siilpkidc  or  cmIcjuO). 

Suluhide  of  Rtroniium. 

Ycllnw  and  i>U)«r  dlaninndi^. 

Fluor-i|Mr. 

Cii)e«»ous  concretion*. 

Cb»lk. 

ApiiUU. 

Hcavy-ipAr. 

NItmte  of  cAldum,  in. 

Clilurid«  of  c-wlciuin,  ar\. 


Cyanide  of  cftlciutn. 

Muiiy  tlruritiuiR  cuiiipoundt. 

MuiT  Ixirlum  «>mpoiindK. 

MAtiv  iiiMgncBiiiin  cnmpoundt. 

P«i»r,  dry. 

Silk. 

CanR  ftnd  tnilk  inigBr. 

Auibor. 

Te«th.  etc. 


Varionsly  colored  liglils  act  ditierently  with  substances.  The 
tint  of  the  light  of  a  phoephoreseent  body  vanes  with  the  manner 
of  preparation.  The  duration  is  also  very  changeable,  from  a 
few  seconds  iii  some,  to  thirty  hours  in  tlio  caaea  of  the  buI> 
phide«  of  calcium  and  strontium. 

448.  FluoreBcence  is  by  many  confounded  with  phoHphoreaceDcc. 
The  term  ie  applied  by  Stoker  to  the  fact  that  certain  bodies 
poBsess  the  property  ol'  changing  the  refrangibility  (490)  of  the 
rays  falling  upon  tlieni.  Among  such  subt<.tances  especial  men- 
tion is  made  of  solution  of  the  suTpliatc  of  quiniuo,  which  reiidera 
the  invisible  ultra-violet  rays  of  the  spectrum  visible.  A  similar 
result  occurs  when  these  rays  fall  upon  ^aper  impregnated  with 
leeculine  (from  the  horse  chesttiut),  or  with  alcoholic  solution  of 
stramonium.  The  crystalline  lenA  of  ihe  eye  is  also  slightly 
fluoreecenl.  Among  dense  solids  which  possess  this  property  is 
canary  colored  uranium  glass. 

In  the  majority  of  instances,  fluoreecence  arises  by  the  action 
of  the  more  retrangible  or  ultra-violet  rays,  which  undergo  a 
diminution  in  refrangibility,  but  is  not  confined  to  theae.  While 
glass  absorbs  the  more  refrangible  rays,  quartz  allows  their 
passage.  If  a  prism  and  trough  formed  of  quarts  are  used, 
and  the  spectrum  received  on  paper  inilnied  with  solutiou  of 
sulphate  of  quiuiue,  two  spectra  aro  obtained,  that  od  tJie  qui- 
nine portion  extending  beyond  the  line  H,  to  a  distance  equal 
to  the  whole  visible  spectrum. 

fluorescence  nmy  be  sjiown  without  the  use  of  a  prism.  Let 
light  be  admitted  through  blue  glass  into  an  otherwise  dark 
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room,  hold  in  the  track  of  the  hlue  light  a  test  tube  partly  filled 
w'nb  Bolutlon  of  the  sutphute  of  quinine,  on  which  etiiereHl  solu- 
tion of  chlorophyle  has  Ueen  poured.  Rv  transmitted  light  the 
qutnint!  will  appear  eolDrIei>s,  ant)  the  chlorophyk'  green,  while 
by  reBected  light  the  quinine  will  be  blue,  and  the  chlorophyle 
red. 

B3*  the  eleclric  light  and  quartz  ai^paratUH  fluorc»ccni  Rpcc^tra 
of  great  length  may  be  obtained.  Some  flam<;8  of  moderate 
illuminating  power  produce  marked  eflecte.  Wriling'  made 
with  stramonium  .'jolution  is  invisible  by  daylight,  but  if  illu- 
minated with  the  flame  of  buniiug  sulphur,  or  sulphide  of  car- 
bon, it  inBlanlly  appears. 

4M>.  Caloreacence  ia  a  term  applied  by  Tyndall  to  the  fact 
that  invisible  heat  rays  may  hn  transformed  into  bright  light  if 
received  upon  certain  opaque  surtacetj.  His  demonstration  of 
thifi  fact  lA  as  follows:  The  light  from  an  electric  arc  is  nossed 
through  a  n>cfc-3alt  cell  containing  iodine  dissolved  in  sulphide 
of  carbon.  This  stops  all  the  ruys  of  light,  but  allows  the  heat 
rays  to  pass  freely.  These  being  received  upon  a  concave  mirror 
are  brought  to  a  focus  which  is  invisible,  but  the  moment  a 
piece  of  thin  platinum  foil  \n  placed  therein  it  becomes  lumi- 
nous, emitting  a  white  light  which  shows  all  colors  of  the  spec- 
trura  when  viewed  through  a  prism.  In  this  ease  tight  is  in  no 
way  the  product  of  chemical  action,  as  with  numerous  other  sub- 
stances that  might  be  used.  The  platinum  comes  out  of  the 
ordeal  unchanged  as  faros  oxidation  is  concerned.  The  light 
has,  therefore,  arisen  solely  from  the  conversion  of  dark  radiant 
heat  into  bright  rays. 

4S1-  IncandesceDoe  and  Oxyhjrdros«n  Lights. — The  term  incan- 
^4eacenc«  is  generally  used  to  indicate  the  emission  of  light  by 
•olid  or  liquid  by  virtue  of  elevated  temperature,  anainde- 
pendently  of  any  chemical  action  in  the  luminous  body.  In  the 
preceding  article  on  caloreaccnce,  the  platinum  is  incandescent. 
The  same  effect  is  produced  when  it  is  plunged  in  tlie  almost  in- 
visible flame  of  pure  hydrogen. 

Amonc  the  best  examples  of  incandescence  are  the  lights  pro- 
duced when  u  burning  uxyliydrogen  jet  impinges  upon  certain 
oxides,  tua  time,  niagnesia,  and  zirconia.  These  solid  bodies 
tinder  the  intense  heat  become  highly  luminous.  There  is  no 
proper  ehcroical  action,  though  a  portion  of  the  oxide  under- 
\gom  volatilization,  the  zirconia  leas  than  the  others. 

For  the  purpose  of  class  room  demonstration  by  the  projection 
of  pliotogi-aplis,  or  microscopic  objects  upon  a  screen,  these 
lights  are  well  adapted.  They  do  not  possess  the  intrinsic 
brilliancy  of  the  electric  arc,  but  they  are  steady,  and  not  so 
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tryiug  to  the  eyes.  By  virtue  of  its  low  power  of  volutiliia- 
tion,  the  7.ircoiiia  light  oflera  the  nio&t  satiBfactory  requite. 
Far  tlie  pi"oparatioii  of  this  oxide,  iind  the  formation  of  peiwil* 
or  cylinJers  euitable  for  the  oxyzirconia  light,  the  atuueiii  u 
referred  to  an  article  I  published  in  the  *•  American  Jonmal  of 
8cieuces  and  Arts,"  for  Sept.  1877,  [Mge  208. 

Another,  and  very  intoreating  example  of  incandescence  re- 
sults when  &a  electric  current  ie  forced  to  puas  along  a  narrow 
conductor,  as.  for  example,  a  thin  platinum  wire,  or  a  thin 
channel  of  tbarcoal  enclosed  in  a  vacuum,  or  an  atmosphere 
which  is  a  uon-sunporter  of  combtiation.  The  recent  applica- 
tion of  this  method  for  artiticial  illumination  is  well  known. 

In  all  the  caaes  cited,  analyeie  of  the  light  by  a  pri^m  shows 
a  continuous  spectrum,  containing  all  Boven  colors,  uiough  there 
is  more  or  less  variation  in  intensity  in  different  regions.  A 
magneaiuin  light,  being  very  rich  in  the  more  refrangible  and 
chemical,  and  the  zirconian  in  the  less  refrangible  and  hnt 
ravs. 

Incandescence  in  liquids  does  not  sliow  any  great  difl^erenve 
fr(mi  that  in  solids.  The  phenomena  arc  best  seen  in  molten 
mctale  the  volatilizing  point  of  which  is  suilicieiitly  hitrh. 

Gases  and  vapors  may  also  he  rendered  iiu-andoscent  by  means 
of  electricity ;  e*pecialfv  is  this  the  cft«e  when  the  spark 
an  induction  coil  is  employed,  and  a  condenser  intervened 
the  course  of  the  current.  The  spectrum,  under  these  cireu 
stances,  ordinarily  consists  of  certain  colored  bands  or  lines.  If, 
however,  tlie  gas  is  compressed,  and  the  teraperature  sufficiently 
intense,  there  is  reason  to  suppose  that  the  spectrum  may  be- 
come continuous,  as  with  tbe  photosphere  of  the  sun,  which  ie 
generally  thought  to  consist  of  nighly  condensed  gaseoiia  mati 
at  an  exceedingly  high  temperature. 


452.  Electrio  Arc  and  Light. — When  the  poles  of  an  electric 
battery  are  brought  together  and  then  separated,  the  current  ol 
electricity  flows  across  the  break  (providing  it  is  not  too  great 
for  its  strength),  and  produces  the  most  brilliant  of  all  artiflcial 
lightfi.  Any  conductor  will  answer  for  the  formation  of  the 
electric  are,  hut  for  its  continuation  for  a  length  of  time  only 
the  moi<t  iufuiiible  substances  caTi  be  employed.  It  is,  there- 
fore, found,  in  Lbt*  practical  applicatiou  of  (his  light,  that  rode 
made  of  gas-carbon  are  to  be  preferred  to  all  others,  on  account 
of  the  comparative  incombusttbility,  and  resistance  to  volatili 
zation. 

Kven  ill  the  electric  arc  conveyance  of  matter  from  one  po 
to  the  other  takes  place.  It  is,  therefore,  not  at  all  improbabl 
that  the  light  is  tliat  of  incandescence  either  of  a  solia,  liquid, 
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or  gaseous   hody.     l'lii»   viuw 
the  fipectruin  is  coiitiiuious. 

403.  Motion  and  Light. — When  a  bnit  from  a  heavy  piece  of 
ordnance  strikes  an  iron  larfret,  at  tlio  moment  of  impact  a 
brijtht  flash  of  light  ia  Rcen.  Heroin  wo  iind  the  conversion  of 
uiotion  iutu  li^ht.  At  the  same  time-  heat  i»  ako  developed,  as 
is  proven  hy  Ine  fact,  tliat  the  teniperalnre  of  minute  portions  of 
the  missile,  or  target,  are  msed  sutlicicntly  high  to  cauBo  their 
fusion. 

The  practical  conversion  of  motion  into  light  is  ailmirahly 
illustrated  in  modern  dynanio-clectrlc  machines.  By  their 
agency,  energy  derived  from  combtjstion,  gravity,  or  any  other 
source.  i»,  through  the  intervention  of  magnetism,  made  to  pro* 
rfuce  electric  currents.  So  great  is  the  power  of  these  currenta, 
that  they  far  surpass  that  of  any  electric  battery  thus  far  con- 

Istructed.  The  importance  of  this  source  of  light  cannot  yet  be 
estimated.  Obtaining  motion  from  falling  water,  or  from  tidal 
action,  its  coat  after  the  construction  of  the  necessary  machinery 
18  insignificant.  ICxparimonts  have  thus  far  shown  its  adapta- 
biltty  for  out-door  illumination,  and  any  day  may  witness  the 
perfection  of  means  for  its  utlli/.ution  for  houHuhold  purposes. 
464.  Comboatioa  or  Chemical  Action. — Though  the  burning  of 
phosphoruis  and  uia^ne«iuni  yield  hrilliaut  light,  y^^t,  from  a 
practical  point  of  view,  only  combustioiiB  in  the  air  of  bodies 
ricli  in  hydrogen  and  carbon  deserve  our  attention.  Among 
these  we  may  consider:  Ist,  illuminating  and  other  kinds  of 
gas;  2d,  fluids,  as  different  kinds  of  oils,  alcoholic  and  other 
solutions;  3d,  solids,  as  fats,  wax,  resins. 

The  question   of  artificial  illumination  in  dwellings,  is  one 

Shysiciuns  cannot  afford  to  neglect.     Kspccially  in  diseased  con- 
itions  of  the  eye  is  its  curiBideratioii  paramount.     We  shall, 
therefore,  devote  sufficient  space  to  its  examination,  to  give  a 
clear  account  of  the  principios  involved,  and  the  best  means  for 
_  their  application. 

45S.  lUaminatioa  by  Oas  Flames. — The  simplest  case  of  com- 
bustiun  is  ibat  oflered  by  ordinary  illuininatiug  gas;  for  the 
sake  of  convenience,  we  may  regard  it  as  being  practically  pure, 
consisting  of  compounds  of  hydrogen  and  carbon.  Such  gas 
may  be  burned  with  three  different  results: 
1st.  If  the  supnly  of  air  is  iusuffident.  an  elongated  smoky 
ime  ia  produced,  wliich  posaessea  alight  illuminating  power. 
[On  lowering  into  this  any  cool  surface,  as,  for  example,  a  porcc- 


392  OPTICS. 

lain  capsule,  it  is  instantly  covered  with  a  copious  deposit  of 
lampblack,  or  carbon,  in  a  state  of  exceedingly  fine  Bubaivinon. 

2a.  If  the  gas  is  mingled  with  a  sufficient  proportion  of  m 
before  ignition,  as  in  the  Bunsen  burner,  a  non-luminous  pale 
light  is  obtained;  lowering  a  porcelain  sur&ce  into  this,  it  may 
remain  therein  for  some  time  without  the  formation  of  any 
deposit. 

3d.  By  arranging  the  form  of  the  issuing  jet  of  gas  to  give 
proper  exposure  to  the  air,  a  highly  illuminating  flame  is  pro- 
duced, as  with  duplex  burners.  Lowering  a  porcelain  suiiace 
into  this,  we  again  obtain  the  deposit  of  carbon  or  soot,  tbough 
moderate  in  amount. 

From  the  consideration  of  these  results  we  arrive  at  an  ei- 
planation  of  the  source  of  light  in  ordinary  illaminating  flames, 
and  we  find  that,  as  in  many  other  instances,  it  is  produced  by 
incandescence  of  matter  at  an  exceedingly  high  temperature. 

Recalling  the  case  of  the  non-luminous  name  of  hydrogen, 
and   the  immediate  incandescence  of  the  platinum  foil  when 

f)laced  therein,  let  us  apply  the  same  experiment  to  the  dod- 
uminous  Bunsen  flame.  At  once  the  platinum  glows,  and 
light  of  considerable  intensity  is  emitted.  There  is,  therefore, 
in  that  flame  suflScient  heat  to  develop  light.  Wherein  lies  the 
reason  of  its  non-appearance? 

The  method  employed  for  the  production  of  the  Bnneen 
flame  coneiste  in  mingling  the  combustible  gas  with  a  consider- 
able proportion  of  air  before  ignition.  By  this  operation  both 
constituents  of  the  gas  are  completely  burned  or  oxidized  by 
oxygen  of  the  air.  The  hydrogen  produces  vapor  of  water,  and 
the  carbon,  carbonic  acid  gas.  At  the  temperatures  and  pres- 
sures reached  in  ordinary  flames,  neither  of  these  bodies  pos- 
sesses the  power  of  emitting  light  to  any  extent  when  compared 
with  that  of  a  solid.  Therefore,  since  the  Bunsen  flame  does 
not  contain  solid  matter,  it  is  non-luminous ;  but  the  moment 
we  place  a  solid,  as  platinum,  therein,  light  is  at  once  produced. 

When  illuminating  gas  is  burned  with  an  insufficient  supply 
of  air,  we  may  say  that  only  the  hydrogen  has  been  consumed. 
The  carbon  of  the  gaa  not  being  oxidized,  separates  as  smoke 
or  eoot  easily  collected  on  a  cool  surface  on  which  the  flame  la 
caused  to  impinge.  In  this  case,  we  have  a  certain  degree 
of  luminosity  attending  the  presence  of  solid  matter,  but  the 
temperature  attained  by  the  burning  hydrogen  is  not  sufficient 
to  heat  the  carbon  to  the  requisite  degree  for  the  copious 
produetioTi  of  luminous  eft'ect. 

In  the  third  case,  the  supply  of  oxygen  of  the  air  is  adjusted 
to  produce  the  most  intense  degree  of  heat.  The  whole  of  the 
hydrogen  and  a  portion  of  the  carbon  are  burned  in  a  small 
compass.    The  unconsunied  carbon  is,  therefore,  raised  to  a  very 
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li^h  temperature,  and  tbe  luminous  effect  proporrionntely  in- 
'crciiac'd. 

Ill  additioii  to  facts  given  allowing  tltat  lumiiKwiiy  of  hydro- 
carbon flamea  is  produced  l»y  tlie  presence  of  particles  of  solid 
■carbon  tLertini,\ve<]Uute  the  following  8umiiiur>'' by  Prof.  Biirkcr, 
Hpf  Heutna^en's  argument  on  ihis  point. 

^f  "  Ist.  Tbe  increased  luuiinogity  which  chlorine  givee  to  weakly 
"inmjnons  or  non-hmiinoua  fliiiije«,  is  due  to  its  well-knctwn 
property  of  separating  the  carlton  hb  such.  2d.  A  rod  held  in  a 
fUnie  is  nniokcd  only  on  the  lower  side,  the  side  opposed  to  the 
gaa  stream ;  were  the  carbon  there  as  vapor,  as  Frankland 
asBUtnes,  it  would  be  condeiiHcd  by  a  cooling  action  itnd  so  all 
around  tbe  rod.  8d.  A  body  helil  in  tbe  flume  is  smoked  even 
when  it  is  in  a  state  of  ignition ;  this,  therefore,  cannot  be  con- 
densation of  a  vapor.  4tb.  These  particles  can  be  actually  seen 
Pin  the  dame  when  it  is  made  to  strike  against  a  second  tiamc  or 
an  ignited  surface,  tbe  particles  aggregating  together  to  form 
visible  roasficfl.  6th.  Tltu  tuminoue  portion  of  a  flutne  is  not 
very  transparent,  no  more  so  than  the  layer  of  smoke  of  the 
•ame  thickness  \vhich  rises  above  a  tlaiue  fed  witii  turpentine. 
And,  6tb.  flames  which  unquestionably  owe  their  luminosity  to 
tbe  presence  of  solid  particles  give  a  shadow  with  sunlight, 
M  precisely  oa  do  hydrocarbon  flames;  while  luminons  flamee 
B  composed  of  ignited  gases  an«J  vapors  only,  give  no  such  shadow 
in  sunlight.     '  Liebig's  Annalen.'  dx.xxiv.  206,  Dec.  1876.'" 

To  this   theorv  ol    tbe  dependence  of  luniinoisily  upon    the 

preMiJce  of  soliJ  matter  at  a  very  high  temperature  in  flames, 

^  there  are  certain  exceptions.     Among  these,  we  may  mention 

■  the  tlame  of  arseniuretted  hydrogen  burning  in  air.    Here  we 

have  a  hiehly  luminous  result  quite  independent  of  the  presence 

of  anv  solid  matter.     It  is  true,  that  arscninus  oxide  is  formed. 

hut  this  substance  volatilizes  below  a  red  bent.     All  the  products 

of  coniburttion  are,   tiierefore,  in  tbe  gaseous  state,  and  oftier 

B  evidence  that  in  certain  conditions  gases  or  vapors  may  be 

H  luminous,  and  not  under  very  great  pressures  or  temperature. 

466.  Forms  of  Gas  Btimers.  —  Ordinary  illuminating  gas  is 
usually  burned  from  Jets  vailed  flsh-tail  or  liin-tights.  In  the 
H  former,  tbe  apertures  from  which  it  escapes  are  circular,  with 
V  two  streams  impinging  upon  each  other  producing  a  thin  sheet 
of  gas.  which  on  ignition  gives  a  flamo  resembling  the  tail  of  k 
fish.  Under  these  conditions  of  comluistion,  when  the  supply 
and  force  are  properly  regulated  by  a  stop-cock  a  very  high 
i<:mi>emture,  yielding  a  satisfactory  degree  of  iUuminaliuii,  is 
tbe  result. 

In  fan-tight  burners  the  aperture  of  escape  is  in  the  form  of 
ft  slit,  sometimes  double.     The  manner  of  action  is  similar  tn 
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the  fish-tail ;  the  fiamc,  however,  is  much  broader,  be'iDe  iu  the 
form  of  a  fan.  In  daplcx  burners  ti^-o  flames  burn  side  d;  eade. 
The^  may  be  either  gas  or  kero&eiie. 

Iu  these  varieties  tlie  character  of  the  material  forming  the 
jet  Rooner  or  later  has  a  marked  lutliicncc  opon  the  form  of  the 
6aine.  If  the  tip  is  of  brass  or  other  metal,  it  becomes  corroded, 
the  jet  is  changed  and  the  gas  not  burned  to  the  bcAt  advno- 
tagc.  It  is  true  the  openings  may  be  cleauecd,  but  after  thisluu 
been  done  a  few  times,  they  become  enlarged  and  no  longer 
work  well.  To  ax-oid  this  di&icully  jet*  are  mode  of  lava,  which 
does  not  undergo  change,  und  may  be  freed  fi*om  dust  withoat 
alteration  of  form. 

While  the  lash  and  fau  tips  unswer  perfectly  well  for  ordinary 
purposes  of  illuiuinatioii,  the  llickering  or  irregular  manner  in 
which  they  consume  gas  is  a  serious  objection  ftgainst  their  tiae 
by  the  student.  To  avoid  this,  and  at  the  same  time  procure* 
more  intense  and  whiter  light,  the  Argand  burner  was  con- 
trived. It  consists  of  a  series  of  small  opeuings  arranged  in  the 
form  of  a  ring,  air  having  access  to  the  interior  and  exterior  of 
a  hollow  cylinder  of  flame.  By  means  of  a  glass  chimney  the 
draught  or  supply  of  uir  is  increased,  and  a  more  intense  heat 
and  greater  illuminating  power  attained.  At  the  same  time 
the  flame  is  perfectly  steady,  and  the  injurious  effects  of  flick- 
ering avoideil.  When  nsetl  with  a  norcelain  or  ground  glass 
shade  or  globe  this  form  gives  the  oest  light  for  the  student 
and  reader. 

457.  IllnmiQation  by  Flames  (torn  Flaidt  is  one  of  the  earlier 
methods  for  obtaiuing  urtiticial  light.  The  most  ancient  form 
of  lamp,  which  is  still  in  use  in  the  south  of  Europe  as  a  night- 
light,  consists  of  a  button-like  disk  of  wood  through  whicn  » 
short  piece  of  cloth  or  coarse  thread  is  passed.  This  is  floated 
upon  the  surface  of  oil  placed  in  a  cup,  and  answers  aa  a  wick 
when  ignited.  With  the  common  oil  lamp,  all  who  live  in  rural 
rcicions  are  familiar.     It  is  a  mere  nioditieaiion  of  the  preceding. 

Before  petroleum  and  kerosene  were  introduced  as  sources 
of  artitiulul  lights  it  had  been  found  that  the  best,  purest,  and 
brightest  flame  was  obtained  by  burning  oil  freely  supplied  to  a 
hollow  cylindrical  xvick,  in  the  interior  of  u  glass  chimney.  No 
light  has  ever  surpiiascd  that  of  the  Carcci  or  mechanical  lamp, 
the  action  of  which  was  based  upon  this  principle,  the  oil  being 
pumped  up  to  the  wick  by  machinery  driven  by  clock-work. 
Rape  seed  or  other  vegetable  oils  are  best  suited  to  these  lamps. 

In  the  so-called  student's  lamp,  a  similar  free  supply  of  coDi- 
bufltihle  is  obtained  by  placing  the  reservoir  of  oil  in  such  posi- 
tion that  the  supply  of  fluid  is  assisted  by  gravity,  Fig.  187. 

Tite  light  given  "by  the  modern  kerosene  lamp  is  udmirable  in 
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character.    TIio  methcHl  of  combustion  is  that  eniployod  in 
IS  Carcel  and  student's  lamps,  an  increased  rate  ot  burning 
bein^  ubtuined  by  means  of  a  gloHS  chimney.     Thti  supply  ol 
«ir,  iiowever,  requires  greater  care  in  it8  regiibilion.     The  best 
r««u1te  are  attained  by  increase  or  diminution  in  the  quantity  of 

tair,  by  increaning  or  diminishing  the  size  of 
the  opeiiing^s  through  wliich  it  passes.     The  Pia-  W". 

'     proper  adjustnioiit  oi'   the  shield    througli  o 

which  it  it*  tiirown  upon  the  wick,  iet  also 
necessary-. 

^    The     At^nd,     keroeene,     Carcel,    and 

■•tudent's  lamp  flames,  should   be  softened 

I  by  porcelain  or  ground-gluBa  shades.  The 
light  abould  also  he  prevented  from  falling 
upon  thif  eyes,  by  means  of  opaque  shades 
of  paper  or  other  suitable  material.     Kppocial 

Bsttention  must  he  paid  to  this  precaution 
when  eyes  are  weak  or  sensitive. 

In  the  combustion  of  oil  the  fluid  is  prac- 
tically a  compound  of  hydrogen  and  carbon, 
and  is  converted  into  a  gaseous  body  as  the  «iii<i»Df. i«ti.p. 

action  goes  on.  The  source  of  the  luminous 
eflect  is,  therefore,  virtually  ih©  same  as  with  ordinary  illuminat- 
ing na.  The  method  to  be  followed  is  to  regulate  the  suppljr 
OI  air  to  bum  tlio  hydrogen  completely,  and  the  earbon  in  part. 
The  conihufition  aetion  should  be  kept  within  the  narrowest 
limits,  in  order  to  gain  the  bighest  temperature,  and  thereby 
force  the  remaining  portions  of  carbon  to  emit  light  of  the 
greatest  intensity.  In  addition  to  natural  oils  and  naphthas, 
solutions  of  various  combustible  bodies  in  alcohol  and  other 
fluids  have  been  useci.     Among  these.  camj>henc  may  be  men- 

K  tioned.     They  have,  however,  now  been  generally  supplanted  by 

H  the  diflereut  [>ctroleuni  derivatives, 

p  ms.  Illniiiiaatio&  by  Flame  from  Solids. — The  first  attempt 
of  man  to  ulilixe  combustion  forarliticial  light  waa  doubtless  the 
torch,  mnde  eitlier  of  wood  naturally  rich  in  resin  and  similar 
compounds  of  hydrogen  and  carbon,  or  reeds  and  rushes  dipped 
in  melted  tallow.    Even  now.  Bavage  people  resort  to  this  method 

■  of  obtaining  artificial  tight. 
Front  the  rush  light  to  the  candle,  the  step  waa  natural,  nnd 
though  there  are  many  flarae.s  far  more  brilliant  thaii  that  from 
a  wax  candle,  no  one  is  eo  well  ada]»tcd  to  the  illumination  of 
the  human  countenance.     Therefore,  it  still   holds  its  own  at 
entertainments  in  the  houses  of  the  wealthy,  ladies  of  fashion 
knowing  that  under  its  light  they  appear  to  the  best  ad- 
tnge. 


OPTICS. 

Tn  receiir  times  variouB  solid  fate,  resulting  from  the  distilla- 
tion and  rufinin^  of  crude  petroleum,  have  beeu  tiubetitiil«4l  lor 
tallow  and  wax  m  making  candles. 

The  manufactui'e  of  a  perfect  candle  requires  especial  aticn- 
tion^  as  regards  the  tiiunnur  in  wbicli  the  wick  is  woven.  Tlisi 
it  may  burn  to  the  best  advantage,  tbe  tip  of  the  wick  iini*i 
be  consumed  at  the  proper  rate,  othenvise  a  smnk,v  fiimt;  i^ 
produced.  In  the  da^'s  of  our  forefatherH,  a  pair  of  dnnffers 
for  removal  of  tbe  charred  tips  were  pronded,  but  candle*  of 
modern  limee  snuff  themselves.     This  result  is  attained  by  tie 

ingenious  deviise  of  weaving  tbe  wick 
Pro.  188.  in"  such  a  manner  that,  m  the  caodle 

burns,  it  turns  to  one  side  and  tlic  lip  it 
consumed  on  tiie  margin  of  the  flame, 
where  the  heat  is  very  iotense  aadaujv 
])Iy  of  air  copious. 

The  philosophy  of  combustion  iti  » 
candle  is  the  same  as  in  a  lamp.  Tlit 
first  action  of  the  dame  is  to  melt  & 
portion  of  the  solid  fat  or  wax.  A  mioia- 
lure  lamp  is  thus  formed,  from  the  ^mall 
reservoir  of  which  the  wick,  by  its  capil- 
larity, raises  tbe  melted  oil. 

As  in  the  lamp,  oil  is  converted  into 

gaseous  matter  before  it  is  burned,  M 

18  it  in  the  candle.     Of  this  wo  may 

satisfy  ourselves  by  taking  a  tube  of 

moderate  diameter,  B,  and,  holding  it 

inclined,  Fi^.    188,    place    one  end  iii 

the  interior  of  a  candle  tlame  A.     If  it 

Gufryma,a<iuiitu,-  lia«    bccii    previously   Warmed,  an    up- 

warrl  current  of  gaseous  matter  traverses 

the  interior,  which  can  be  lighted  as  it  escapes  from  the  upper 

extremity.     The  cause  of  luminosity  is  the  incandescence  of 

solid  carhcin  at  an  exceedingly  high  temperature. 

459.  Constitution  of  Ftames. — If  we  lower  a  sheet  of  coarse 
copper  wire  gauze  into  the  flame  of  an  akobul  lamp,  it  is 
stopped  by  the  i^auiie,  and  we  eim  look  vertically  down  into  tbe 
section,  under  these  conditions  it  appears  to  be  ring-like,  tlic 
interior  being  dark.  There  are  no  signs  whatever  of  burning 
therein.  ^Iticc  the  same  result  is  obtained  on  the  examinatioa 
of  all  ordinary  flames,  we  conclude  that  the^'  are  hollow,  and 
that  eombiietinn  i8  contiiied  to  the  exterior.  In  this  fact  we  tind 
an  explanation  of  the  greater  lirilliancy  when  flames  are  forced 
to  assume  the  form  of  thin  sheets  as  in  diH'erent  kind  of  gutt- 
Jets,  and  in  hollow  btirners  of  Carcel  sLiid  similar  lamps. 


rot  oniy  are  flHTiitis  hollow,  but  tbeir  interior  is  positively 
cold,  (.-onipareii  with  the  temperature  wo  should  expect  ia  find 
theruin.  For  illustration  of  thii>,  take  a  poreehiin  cup  two 
or  three  inches  in  diameter,  and  fill  with  water  nearly  to  the 
brim.  On  the  aurftice  pour  a  layer  of  ether  a  sixteenth  of  an 
inch  tliick.  Setting  tire  to  the  other  a  copious  blaze  ia  produced. 
If  &  piece  of  phofl|)horufi  i8  placed  in  a  spoon  and  ignited,  it 
burn»  fiercely  in  the  air,  but  the  moment  it  in  immersed  in  the 

i interior  of  the  tlume,  nut  otdy  does  cunibustion  cea^e,  but  the 
|)ho)tphorut>  does  not  volatilize  with  any  freedom,  thus  verifying 
tlie  statement,  that  a  flame  \h  hollow,  and  its  interior  cool. 
An  exception  to  this  condition  ia  fouiul  in  fiTf/hydrotjm Jiames, 
in   "hieh  the  gases  are  mingled   before  ignition,  combustion 
taking  place  through  and  tlirough.     Siien  HanieR  are,  eo  to 
Hspeak,  solid,  and  therefore  we  nnderstan*!  why  they  posAes» 
™«ich  intense  beat,  and  can  produce  the  highly  luminous  effect 
witueeeed  when  caused  to  impinge  upon  zircouia,  and  Himilar 
oxides. 

lu  the  Bude  light t  formed  by  saturating  ordinary  illuminating 
gas  with  volatile   hydrocarbons,  and  burning  the  product  in  a 

*Atate  of  mixture  with  oxygen^  an  exceedingly  brilliant  light  is 
produced.  The  cause  of  the  intensitv  is  evidently  the  high 
tetnperature  reached  by  making  the  dame  burn  through  and 
through,  uiid  confining  it  to  the  smallest  possible  limits. 

480.  Light  and  Life, — lu  closing  this  Chapter  on  the  sources 
[of  light,  we  direct  attention  to  the  intimate  relations  between 
light  and  life.  It  is  to  the  sun's  rays  that  plants  arc  indebted 
for  the  energ)-  by  which  tboy  are  enabled  to  decompose  water 
and  carbonic  acid,  and  build  tissues  therefrom.  It  is  true,  as 
I  stated  in  an  article  on  "  Evolution  of  Structure  in  Seed- 
lings," published  in  the  "  Ainericun  Journal  of  Science  and 
Arte,"  for  IN^ovember,  187'-',  thai  plants  can  evolve  all  their 
structures  in  the  thirk.  Yet  in  this  act  they  depend  entirely 
upon  nutriment  stored  in  the  seed.  Ka  substantial  gain  in 
solid  matter  is  made  in  any  flowering  plant  until  light  fails  upon 
its  loaves  and  carl>onic  acid  is  deetjuiposed.  Pliints  l)eing  the 
source  from  which  animals  ultimately  <lerive  their  sustenance, 

I  we  may  truly  say  that  alt  life  upon  our  glolw  results  from 
•nergj"  given  lorth  by  the  sun  in  the  form  of  light  and  warmth. 
iHoepeodently  of  the  fjoestton  of  nutrition,  light  appears  to 
«xert  a  notable  influence  upon  the  life  of  young  growing  crea- 
tures, and  even  of  adults.  Evidence  of  this  i»  found  m  the 
puny  forniK  and  blanched  appearance  of  children  living  in  dark, 
unwholesome  places,  compared  with  those  where  light  has 
free  aoceu.  This  fact  was  taken  advantage  <if  a  few  years 
jAgo  by  a  society  in  Frartue,  which  collected  miserable  waifa  Ixim 
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of  scrofuloue  and  svpliilitie  purcDtti,  aod  foetling  them  apoti 
milk,  kept  theui  in  tho  sunshine  all  d»y  at  the  sco-coost.  Under 
this  treatment,  most  of  these  infants  developed  into  healtbj. 
hurdv  youii^ters,  and  the  results  were  aitrihuted  hy  ihoee  ii; 
charge  as  much  to  free  exposure  to  light  as  any  nt)ier  cauie. 

Ueveraing  tho  relationa,  wo  discover  (448)  ihut  many  crw- 
turc«  poflNOs^  the  power  of  emitting  light.  Thf.  sigtii^attct  of 
tius  prtAluition  of  light  by  nerpoiu  or  pUcU  action  cait  hardiy  he  orer- 
tstinxaUd.  It  p-ovea  to  u«  ftow  iutmute  the  coimections  art  hetiPtm 
aU  forms  of  tnergif,  not  rreepttng  fife  it'ielf.  So  strongly  has  Uiis 
been  impressed  upon  many  miuds,  that  there  arc  thoBO  who 
think  that  life  after  all  is  only  a  apccitic  form  of  encrg)-,  and 
that  the  "  vital  spark ''  is  a  literal  a«  well  ad  metaphoric  expi 
Bion  of  the  facts  of  tlie  case. 

The  recognition  of  tlie  relation  between  light  and  life  receive* 
inuumerable  illustrations  iu  the  world  of  literature.    lu  dealing 
with  the  question  of  condition  and  place  of  abode  of  the  Bpirit 
atler  death,  an  ancient  writer  asks,  '*  Whither  goeth  the  flam< 
when  it  is  pntfed  out?" 
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CHAPTER    XVIII. 


TRANSMISSION,  ABSORPTION.  AND  INTENSITY  OF  LIOUT. 

TrHnRparitnt  and  alworlicnt  media^PropKgntion  of  light  in  hcmtpgWwoDi  nivdlutii 
— Riijr,  pencil,  «n<l  betiin — Sbndow  ard  )>eniiiiibi« — Inwfj^  frurn  (mall 
opaDiDgs-^y«lDcity  of  lighl — Qii»1iili<K  vt  Ugh(--Lawi  of  intenstUw  of  lij^bt 
— Fhotometen  —  Tho  csndLo  and  olbcr  liglit  unils — Relative  int*D*itiM  ot 
different  joureca  of  light. 


461.  Traniparent  and  Absorbent  Media. — The  term  medittm  ti 
understood  toiuclude  space  aa  well  as  gaseous,  fluid,  and  solid 
bodies.  Through  the  most  perfect  vacuum  that  can,  be  formed, 
light  parses  an  freely  as  through  air,  or  any  colorless  gas;  the 
mere  fact  that  it  allows  the  poHsagc  of  luminous  vibrations  causes 
it  to  be  regarded  as  a  medium. 

In  their  relations  to  light,  media  are  claeailied  intu  transparent, 
translucent,  and  opaque.  Tnaxsptirmi  media  are  those  which 
not  only  permit  the  passage  of  luminous  rays,  but  also  allow  the 
outline  and  color  of  objects  to  be  clearly  seen  throogh  them. 
In  this  group,  air,  colorless  gases,  water,  humors  of  the  e 
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*,  rock-crystal,  and  many  other  bodies  are  inchided.  They 
aoinetiuiwt  called  diaphaitvus.  Trtutsbireitf  boUk's  allow  ilie 
BafTO  t>t'  li^lit,  but  do  not  permit  detinitioti  of  outline  when  at 
lort  distance  therefrom.   Examples  of  this  form  aix-  found  in 

firouud  on   both  sides,  porcclaiti,  oiled  paper,  etc.     Thev 
ed  opaUseent.     Opaque  bodies  arc  those  which  cut  ofl'  all 
_  sage  of  light,  aa  wood  nnrl  mctaln.    By  soch  Bubstaticus  it  is 
liid  to  be  abeorbcd.    It  docs  not,  however,  disappear,  but  is 
ouverled  into  another  form  of  energy,  us,  for  example,  heat. 
Tmnsparorioy   and    omiciiy  are,  at"  Uie  best,  relative  terms. 
>en  the  purest  air  reduces  the  brilliancy  of  the  light  xvlich 
kverseM  it.    l^euse  mctuJs,  an  gold  and  silver,  may  be  obtained 
layent  tbin  enough  lo  be  transparent,  as  in  the  process  for  the 
■osition  of  silver  on  glass  in  making  silver  mirrora. 
Regarding  the  absorbent  ncliou  of  air  on  the  light  travereing 
liouguer  gives  the  following  resulta  according  as  tlie  angle  of 
kvation  of  the  suu  varies.     10,000  is  supposed  to  represent  the 
Mtj  of  light,  if  the  air  wan  absolutely  iraiieparent : 
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'The  table  is  of  value  as  showing  the  great  difference  in  the 
ght  transtoitted  during  summer  and  winter,  according  as  the 
tin  varies  in  altitude. 

Propagation  of  Light  in  HomogeneouB  Medium. — A  homo- 
medium  is  undiTstood  to  lie  one  which  haa  the  same 
lemical  coiuposilion,  and  the  same  dciisit}'  in  all  ita  parts, 
'hrough  such,  if  itbetranBj>areiit,  light  is  propagatcil  in  straight 
ines.  Of  this,  in  the  case  of  air,  we  may  obtain  proof  by  inter- 
•uing  atiy  opaque  object  between  the  luminous  source  and  the 
jfc,  when  the  light  is  at  once  obscured.  Another  and  better 
Mapnstnition  is  to  place  in  tine  a  seriesof  screens,  eac-h  having 
Pnall  opening  in  the  centre.  While  In  u  straight  tine,  light 
t  visible  to  the  eye,  but  if  one  he  moved  ever  so  slightly  out 
{  position,  it  is  at  once  {ibseured. 

As  sound  and  heat  radiate  from  their  sourc>es,  so  tight  pas»ee 
It,  or  ie  propagated  in  radiant  lines  from  a  luminous  point, 
^ereforc,  these  forms  of  energy  are   by  some  denominated 

liant  energy. 
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463.  Bay,  Pencil,  and  Beam  Defined. — A  luminous  ray  is  the 
direction  along  which  light  is  propagated.  In  its  true  raatbe- 
matical  sense  it  has  neither  breadth  nor  thickness.  It  is  the 
trajectory  merely. 

A  pencil  of  light  is  considered  by  many  to  be  a  portion  of  the 
rays  issuing  from  a  luminous  point;  in  this  form  a  pencil  of 
light  is  composed  of  divergent  rays.  Others,  on  the  contrary, 
call  any  path  of  light  having  a  measurable  aectiou,  a  pencil; 
according  to  this  view,  it  may  be  made  up  of  either  parallel, 
divergent,  or  convergent  rays. 

By  a  beam  of  light,  a  pencil  of  considerable  dimensions  ia  indi- 
cated ;  it  may  be  parallel,  divergent,  or  convergent. 

464.  Shadow  and  Fennmbra, — When  an  opaque  screen  is  inter- 
vened between  the  ear  and  a  source  of  sound,  there  is  but  alight 
diminution  in  intensity;  whereas,  in  the  case  of  a  lumiDOQS 
point,  the  light  is  completely  cut  off,  and  a  sharp  shadow  pro- 
duced. The  cause  of  this  phenomenon  is  the  exceeding  short 
neae  of  light  waves  compared  with  the  sound  waves.  The  latter, 
by  virtue  of  their  length,  are  able  to  double  around  a  coruer, 
whereas  the  former  pass  in  straight  lines. 

In  the  discussion  of  the  formation  of  shadows,  two  conditionB 
are  to  be  considered :  1st.  Where  light  is  emitted  from  a  point. 
2d.    Where  it  is  given  off  by  a  body  of  greater  or  less  dimensions. 

Fig.  189. 
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In  Fig.  189,  S  represents  a  luminous  point,  and  M  an  opaque 
body  pluced  in  the  divergent  cone  of  rays  from  the  point  S.  The 
outline  of  the  shadow  cast  under  these  circumstances  upon  the 
screen  P  will  be  sharply  defined,  as  shown  by  the  lines  drawn 
from  the  luminous  point  to  the  screen;  it  is  called  an  umbra. 

In  V\g.  190  the  source  of  light  is  a  sphere  represented  at  S  L; 
the  opafpie  body  is  at  M  N.  Under  these  conditions,  the  shadow 
differs  from  the  preceding  in  tluit  it  ia  not  separated  by  a  sharply 
defined  limit  from  the  illuminated  part  of  the  screen,  but 
between  the  two  there  is  a  dusky  ring.  To  this  lighter  ring- 
like shadow,  the  name  of  penumbra  is  given.  The  cause  of  its 
production  is  seen,  if  we  draw  lines  from  the  limits  of  the 
luminous  spliere,  past  the  opaque  sphere,  to  the  screen  P,  Fig. 
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190.     We  find  that  the  strong  shadow  whicli  would  he  curI  hy 

the  pencil  of  light  trom  S,  has  to  contend  with  tliat  which  tails 
I'tipou  the  screeu  fwm  Ch«  pencil  iesuing^  fioui  L:  the  bliadow  tfi, 

herefore,  diminished  in  intensity  at  the  margin,  and  tltepentim- 
Ibni  formed. 

For  sake  of  simplicity,  wc  have  in  the  discussion  of  shadows, 

eoncoived  that  the  rays  of  light  pursue  an  absolutely  straight 
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tiae  pa«t  the  opaqno  body.     In  actual  fact,  this  in  not  80,  thej 
do  undergo  a  slight  duviattoii  frum  the  straight  line.     Of  this, 

.we  sliall  speak  at  greater  length  in  the  discussion  of  diffraction 

1(607). 

MS.  Images  from  Small  Opeaingn, — If  one  side  of  a  t)nn  hex 

is  reiiuived,  and  a  pinhole  ma<lc  in  a  reiiiaining  side,  on  placing 

1-fteandlc  dame  opposite  the  small  a^jerlnre,  as  in  Fig.  191,  an 

.inverted  image  ot  the  flame,  A  3,  will  he  east  on  the  interior 
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lof  the  side  of  the  hns  iil  a  A,  opposite  the  apertnre.    The  course 
rof  the  rays  and  the  cau^e  of  inversion  are  also  evident. 

In  the  seme  manner,  if  a  room  la  made  perfectly  dark,  and 
'a  small  opening  pierced  in  the  shutter,  an  inverted  image  of 
tlie  landscape  facing  it  will  be  cast  upon  the  side  of  the  room 
^opposite  the  aperture. 

B     It  is  not  noccssarv  that  this  should  he  circular,  a  triangular 
opening,  or  any  other  shape^  will  produce  the  result  equally 
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well,  providing  it  ia  small  enough.  DistHiicc  len<lB  to  the  eu- 
cbantnient,  for  the  further  away  the  object  the  more  clearlyor 
ehiirply  is  it  defined.  Of  this,  as  well  oa  the  failure  of  the  snuK 
of  the  opening  to  atJect  the  image,  we  have  an  example  in  the 
circular  preaeutatious  of  the  eun  produced  wherever  itv  light 
haa  patf^ed  through  irregulnr  openings  between  the  filata  of  k 
shutter  atid  fallen  upon  the  opposite  null.  If  the  wall  renim 
the  heaiii  at  any  olher  angle  tlian  ItO^,  the  form  of  the  iinagwif 
more  or  less  ellipticai.  Tiiis  can  readily  be  corrected,  hy  retvir- 
jng  it  upon  a  hook  or  screen  held  vertically  to  its  trftck. 

466.  Velocity  of  Light. — Thetirat  detern^inalion  of  the  velocitj 

of  light  w&B  made  by  lioeuier,  a  Danish  astronomer,  in  1G76. 
Tlie  method  employed  waa  Ijy  the  observation  of  .liipiter's 
satellites.  The  tirst  satellite,  K,  is  occulted  or  paeses  behind 
the   planet  J  at   equal  periods  of  about  forty-two  and  a  half 
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hoiirfi.  When  the  earth  pasees  from  a  to  6,  on  the  side 
its  orbit  nearest  to  Jupiter,  there  is  but  little  diiference  in  iti' 
distance  from  dav  to  day,  and,  therefore,  hut  little  variation 
between  two  oocnltation«.  When,  on  the  contrary,  the  earth  in 
its  revolution  around  the»un  passew  from  T  to  T'  on  the  opposite 
side  of  its  orbit,  it  is  found  ifiat  there  has  been  a  toinl  retarda- 
tion of  the  actual  from  the  calculated  time  of  occulation  of  about 
sixteen  and  a  half  minutes.  This  represents  the  lime  required 
for  tlie  IJRbt  to  pass  from  one  to  the  other  side  of  the  earth's 
orbit.  Taking  the  earth's  distance  from  the  sun  at  95.000,000 
miles,  Roentcr  computed  the  velocity  of  light  at  IS'fl.OOO  [uilea 
per  second.  At  the  modern  estimate  of  91,500,000  miles  for 
the  sun's  distance  from  the  earth,  the  rate  is  186,500  miles  per 
second. 

About  fifty  years  after  Roemer's  determination,  Bradley,  an 
English  HstronoEuer,  ualt;uluted  the  velocity  of  light  from  the 
aberration  or  apparent  displacement  of  the  stars.  He  found 
the  rate  to  be  ten  thousaml  times  greater  than  that  of  the  earth 
in  its  orbit.     Since  the  latter  is  about  eighteen  and  a  half  miles 
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per  eecond,  the  velocity  of  liglit  would  be  186,500  rutles  per 
second. 

In  1849,  Kizeau  determined  tbe  velocity  of  light  by  raeasoring 
the  time  required  for  itb  truneit  from  Suresnes  tu  MontmartrQ 
and  back,  a  dietauce  of  28,<134  feet.  The  apparatus  couaisted  of 
a  toothed  wheel  capable  of  varied  and  rapid  rotation.  The 
teetJi  were  of  tbe  same  width  as  the  spaces  between  tlicm. 
Tbe  wheel  being  still,  a  beam  of  light  wad  sent  from  one  station 
to  the  other,  and  reflected  therefrom  by  a  mirror  back  to  tbe 
tirst  position.  The  wheel  then  being  thrown  into  revolution, 
when  \U  rate  was  sulBc-iently  rapid,  tbe  light  which  passed 
through  an  interval  between  two  teeth  did  not  return  soon 
enough  to  pass  through  the  same  interval,  but  was  obstructed 
by  falling  upon  the  projecting  tooth.  The  rate  of  revolution 
then  being  doubled,  the  light  again  became  visible  by  paaaing 
through  the  next  interval  bcyoncT the  tooth.  Tbe  velocity  of  the 
wheel,  the  number  of  teeth,  and  the  distance  between  tbe  Htatioua 
being  known,  the  rate  was  computed  at.  196,000  milea  per  second. 
Recent  experinicnl^  by  Cornu,  made  by  Ki/.eau'H  method  and 
with  more  perfect  instrumental  means,  gave  a  velocity  of  185,420 
mile«  per  second.  This  agrees  closely  with  tbe  figures  obtained 
from  the  transit  of  Venus  in  1874. 

In  1850,  Foucault  applied  Wbeatatoue's  met]iod  by  a  revol^Hiig 
mirror  to  the  delerniination  of  the  velocity  of  light,  and  uhtained 
the  rate  of  185,167  miles  per  second,  which  ih  \cm  than  ibat 
ordinarily  aaaumcd,  but  agrees  closely  with  the  recent  determi- 
ualiouit  of  the  solar  parallax.  In  these  experiments  tlie  whole 
appamiUA  wa»  contained  in  a  small  room,  and  tbo  liglit  traversed 
a  distance  of  about  fourteen  feet  twice.  In  one  series  of 
trials  a  tube  ten  feet  in  length,  tilled  with  pure  water,  was 
intervened  in  the  track  of  the  ray,  wlien  the  velocity  wa«  found 
to  be  less  than  in  air.  This  is  a  most  important  result  of  Fou- 
canlt's  experiments,  »<incc  it  is  regarded  as  a  crucial  teflt  of  the 
undulatorv  theory  that  tbe  velocity  of  Hgbt  should  be  less  iu  a 
wore  higbly  rcfmcling  medium.  The  details  of  Foueauli's 
nietb(«l  may  be  tnuinl  in  the  works  of  Descbanel  and  Oanot. 
Eiecent  detyrmiiiations  by  Mr.  A.  A.  Michelson,  U.  8.  Navy, 
give  186,360  milea  per  second. 

At  the  rate  of  IBo.SOO  miles  per  second,  it  requires  abotit 
uighc  minutes  for  light  to  pass  from  the  sua  to  the  earlh, 
about  four  hours  fifini  Neptune,  and  ten  years  from  one  of  the 
iMttresl  tixed  Btar».  (it  Cygni.  Stars  only  visible  through  tlie  tele- 
scope may  be  Bo  distant  aa  to  require  thousands  of  years  for  their 
light  to  pass  to  our  globe.  It  is  possible  that  in  some  ca«es  thsy 
may  have  become  extinot  before  it  has  reached  it. 

467.  QQalitiet  of  Lig'ht — Luminous  sensations  pr«MDt  two 
cbaructuristics  which  are  generally  referred  tu  the  rays  them- 
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selves.  They  are  eoIaraUon  and  intensity.  The  rays  do  not 
pOMe«8  these  pro[>ertie8,  but  liaro  ehnrflcters  which  in  tliwr 
action  upon  the  uye  give  the  appcurutices  iu  questiou.  Tliv 
Buhject  ut'  coluratiuu  will  be  dealt  with  afler  we  have  stuilm! 
the  spectrum. 

iiy  the  intensity  of  a  HRht  we  mean  its  strength  or  wcakDefl^ 
either  on  directly  \'iewing  it  with  the  eye  or  in  relation  to 
it>;  power  to  illuminate  ol>jeetfl  upon  which  it  falls.  Vnriirai 
motlioda  have  been  dcvi-wd  for  determining  the  relative  andiib- 
solute  intensity  of  different  sources  of  light ;  their  ex&miniUioQ 
constitutes  the  art  of  photometry. 

466.  lawi  of  Inteniity  of  Light.— Th«  greater  the  dUUnee 
between  a  ligbt  fiiiii  a  i^urface,  the  leus  the  inieDsity  of  illumina- 
tion. This  IS  a  well-known  fact  within  the  observation  of  nil, 
and  the  law  of  diminution  of  intensity  may  be  readily  ileduc«4 
from  consideration  of  Fig.  l!}3.     Let  1  2  S  represent  three  ^ar- 
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faces  placed  at  the  relative  distances,  1,  2.  3,  from  a  caudle  flame 
L,  or  other  source  of  iilumination.  The  dotted  lines  represent 
the  course  of  the  radiaut  lines  Irom  a  luminous  point  iti  thv 
flame,  and  the  relative  sizes  of  the  surfaces.  The  actual  amount 
of  light  cast  upon  tlic  three  is  evidently  the  same,  but  in  the 
case  of  1^  it  is  spread  over  a  spitoe  four  times  a^s  great  as  in  1. 
Its  intensity,  tlierefore,  in  any  part  must  be  one-fourth  of  thatou 
any  part  of  1.  In  3  it  is  dinused  over  a  surface  nine  times  as 
great  as  in  1,  therefore,  its  intensity  must  be  one-ninth.  From 
this  we  find  that  the  infensiti/  of  Utfht  is  I'niKrsely  ■proportinnnl  to 
the  square  of  the  distance  from  (he  Inminous  point. 

Two  luminous  bodies  at  different  distances  from  »  aurfnco 
cannot  illuminate  the  latter  with  oqual  intensity  unless  the 
further  gives  out  more  light,  ur  has  greater  illuminating  power. 
The  intensity  of  a  light  at  twice  the  distance  being  one-iourth, 
and  at  thrice  one-ninth,  it  follows  that  if  two  flames  produce 
eipiul  illumination  of  a  stirtacu  when  one  is  twice  as  far  ofl'  at) 
the  other,  the  further  must  have  four  times  the  illuminating 
power  of  the  nearer;  or,  if  the  illumination  is  equal  when  the 
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jstance*  «pe  as  one  to  three,  then  their  illamiimting  power 

ust  be  as  nine  to  one.  Therefore,  what  two  sources  ofUghtproduce 
equal  illumination  of  two  sitrfacrs  at  different  tUsbmcta  Ihar^om,  tJi£ 
ihuminiU'ion  powers  of  the  sources  of  Ught  are  in  ihe  ratio  «/  the  square 
of  their  iiiatanees  from  the  illuminated  surfaces.  The  appiicbtioQ  oi 
this  Idw  will  be  seen  in  photometry. 

We  have  thus  far  examined  on]}-  ca«ea  in  which  liirbt  falls 

er|)en<lieularly.  When  it  falls  at  an  angle,  experiment  has 
ihuwn  that  tlie  law  is  iw  roliowB:  The  intensify  of  illwninaliw 
when  U{jh!  falls  obUquelt/  upon  a  surfaj^c  is  jfroportional  to  the  cmine  of 
iht  angk  tchieh  the  biminous  rays  make  with  the  iiormal,  or  perpeti- 

icitlar  to  the  Uluniinated  surface. 


468.  Photometers. — Of  these  there  area  number:  Ut.  Those 
acting  on  the  principle  of  comparing  illumination  ;  2(1.  Tho«e  by 
coniparine  the  intensity  of  shatlows ;  and  3d.  Thoae  by  the 
relative  chenucaJ  etfects  of  the  flames  or  sources  of  light  under 
examinatioD. 

Bouffuer's  photometer  is  based  upon  the  fir&t  principle.  It  con- 
eistH  of   an   opalescent  or  transfucont   screen  of  white  paper, 
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ground  glass,  or  thin  porcelain,  A,  divided  into  two  parts  bj  a 
partition,  Fig.  194.  The  two  sources  of  light  are  placed  on  oppo- 
Bite  sides  of  the  jiarlition  B,  and  their  diatancea  adjusted  tiniil 
the  two  sides  of  the  screen  are  eqaallv  illuminated.  The  dis- 
tances are  then  measured,  when  tiio  illuminating  power  of  the 
lights  is  as  their  squares. 

A  modification  of  this  method  is  represented  in  Fig.  195. 

||k  A'  is  a  rectangular  box  about  a  foot  long,  one  or  two  inches 

i^ure  in  section,  and  open  at  both  ends.     At  T,  a  tube  opens 

tTito  it.    The  interior  of  box  and  tube  arc  blackened.     At  the 

C>«ition  W,  a  wedge  is  placed,  the  section  of  which  ts  equi- 
_  teral ;  it  is  covei-ed  with  white  paper.  The  flames  to  be  ex- 
amined are  then  placed  opposite  (he  opening?  L  and  F,  an{I  their 
distances  therefrom  adjustetj  until  the  eye  applied  at  the  upper 
I  opening  of  the  tube  T,  sees  the  two  sides  of  the  wedge  equally 
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illuminated.  The  distances  of  the  lights  from  the  tipper  edj^f- 
ftre  then  measured,  when  the  illominatiiig  power  ie  as  tkeaquan 
of  their  diataneeB  therefrom. 

Fio.  105. 
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lu  Bouzuer'et  inetrumeut  tbi.-  partition  casts  a  stroug  sbudo* 
hetwcen  tiie  illununatfd  portions  of  the  screen.  In  a.  inodifia- 
tiou  made  by  Foucault.  the  partition  is  movable,  and  by  witti- 
drawing  it  to  a  greater  or  less  distance,  the  dark  strip  maybe 
made  to  vaniali,  when  the  bright  portions  being  exactly  con- 
tiguous are  compared  with  greater  precision. 

Rumjwd's  fhoimnetfr  depends  upon  the  second  method  for  its 
principle  of  action.     An  opaque  roil  is  placed  at  a  short  distance 
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from  a  screen,  the  two  sources  of  light  are  then  arranged,  as  in 
Fig.  19G,  so  that  eadi  forms  a  shadow  of  the  rod  upon  it.  The  I 
lights  are  then  moved  until  the  slmdows  are  of  equal  intensitj'.  ' 
Since  that  from  the  lamp  is  illuniiuatcd  by  the  candle,  and  that 
from  tlu-  cjiTidlo  bv  the  lamp,  tht'  illumiimtion  of  the  screen  by 
the  two  sources  ol  light  is  equal.  The  intensities  of  the  Jigbts  , 
are,  therefore,  as  the  stguares  of  their  dit;tanccs  from  the  acrcoa.  i 
Btinsen's phoimneter  acts  by  the  illumination  of  n  spot  of  grease  | 
upou  a  piece  of  bibulous  paper.     It  is  made  with  a  solution  of 
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Spermaceti  in  naphtha.  Tf  a  piece  of  jiapcr,  A.  Fig.  197,  with 
kgrea«e  spot  upon  it  is  iUiimitiBtcd  by  the  candle  B,  pluced  in 
front,  it  appears  dark  upun  a  light  ground.  If  by  another 
tieht,  C,  from  behind,  h  ii})pearrt  light  upon  n  dark  jrround. 
when  the  flumes  are  adjusted  to  illuminate  it  cqnally,  the  spot 
and  the  roet  of  the  sui'tuce  !*how  no  ditierence  in  appuarunc^. 
This  roault  having  been  attained,  the  intensities  of  the  two  lights 
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are  nfl  the  sqnaros  of  their  difltances  from  the  paper.  In  n  reeeni 
improvement  the  thickness  of  the  paper  is  reduced  and  the 
effect  of  the  spot  hotter  obtained. 

In  another  photometer  derised  by  Wheatatono,  &  bond  which 
executes  n  double  system  of  revolutionB  is  nsed,  a  roec-like  re- 
flection of  the  lights  compared  is  thus  produced.  The  details 
I  of  this  are  given  in  Oauot. 

Various  chemical  methods  for  the  meaauremcnt  of  light  have 
been  soggcstod.  Among  these  is  the  chlor-hiidrogen  pmtotneier^ 
first  described  by  Prof.  .J.  W.  Draper,  in  the  "Philosophical 
Magazine,"  and  afturwarils  chiimed  hy  Uunsen  and  Koscoe. 
.\iiolher  form,  in  which  intensity  of  light  was  determined  by 
its  power  to  precipitate  gold,  is  described  by  me  in  tlie  "Loudon 
on  Philosophical  Magazine"  for  August,  1859.  It  is  adapted 
for  comparison  of  sunlight  from  day  to  day.  In  cKomical  pho- 
tornctors  results  difier  with  the  reagents  uniphiyed,  aci-ording 
a»  they  are  nioix:  sensitive  to  rays  of  ditlerent  refrangihility. 

In  the  case  of  colored  lighiw.  Profesiior  Uooii  has  proved,  by 
experiment,  the  correctness  of  Graasmann's  assumption,  "that 
the  total  intensity  of  the  mixture  of  masses  of  diflei-ently  colored 
lights  is  equal  to  the  sum  of  the  intensities  of  the  separate  com- 
ponents."   "  Am.  Jonrnal  of  Sciences  and  Arts,  vol.  xv.  |>age  81. 

470.  The  Candle  and  other  Light  Units. — Since  a  photometer 
does  not  measure  the  quantity  of  light.  l)nt  only  the  relative 
iatensities  of  two  lights  under  examiimlion,  tlie  attempt  is 
made  to  obtain  what  may  be  called  quantitative  results,  by  using 
a  standard  light  for  one  of  tlie  flames  under  comparison.  For 
oniinary  purposes  a  atandard  raiulU  is  employed.  '*/f  w  (t  sperm 
eandU  of  six  to  the  pound,  and  bitrnin^  l^  ffraina  per  honr." 

When  a  gas  flame  is  tested  against  such  a  atandflrd,  the 
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form  or  character  of  the  burner,  the  pressure,  temperature,  and 
volume  of  gas  consumed  in  a  given  time  mast  all  be  determined. 
The  value  of  the  gas  or  other  light  is  then  given  in  terms  of 
candlelight.  If,  as  is  the  case  with  an  ordinary  gas  flame,  it 
has  an  intensity  sixteen  times  that  of  a  siugle  standard  candle, it 
is  called  a  sixteen  candle  light.  In  like  manner,  electric  lights 
are  estimated  at  hundreds  or  thousands  of  candle  power. 

For  measurement  of  lights  of  feeble  intensity,  a  unit,  ob- 
tained by  heating  a  platinum  wire  of  definite  size  in  a  hydrogen 
flame  produced  under  uniform  conditions,  was  devised  by  me, 
and  described  in  the  "  Scientific  American,"  Oct.  21, 1871. 

471.  Relative  Inteuiities  of  Different  SonroeB  of  Light— The 
electric  light  from  50  large  Bunsen  cells,  is  one-fourth  as  strong 
as  sunlight.  Sunlight  is  about  equal  to  the  light  of  5500  candles 
at  a  distance  of  one  foot.  It  is  600,000  times  as  strong  as  moon- 
light, and  16,000,000,000  the  strength  of  that  from  «  Ceotauri, 
the  third  in  brilliancy  of  all  the  stars. 


CHAPTER    XIX. 

REFLECTION   AND  MIRRORS. 

Law  of  reflection  from  polished  surfaces — Reflection  from  unpolished  surfacef — 
Intensity  of  reflected  light — Mirrora  and  process  for  silvering  them — ImagM 
from  plane\nirrors — Virtual  and  real  images — Multiple  images  from  plane 
mirrors— Deviation  by  rotation  of  mirror — Applications  of  plane  mirrors — 
Spherical  concave  mirrors — Principal  and  conjugate  foci — Real  and  virtual 
foci — Spherical  convei  mirrors — Formation  of  images  by  spherical  mirrors 
— Spherical  aberration  and  caustics — Parabolic  mirrors — Cylindrical  mirrors, 
anamorphosis — Application  of  curved  mirrors. 

472.  Law  of  Beflection  from  Polished  SnrfaeeB. — If  in  the  course 
of  a  ra^'  of  light  through  a  given  medium,  a  second  is  inter- 
vened, certain  new  phenomena  arise.  If  the  second  is  a  trans- 
parent, or  a  translucent  body,  a  portion  of  the  light  passes  into, 
or  traverses  it,  but  in  all  cases  a  greater  or  less  portion,  after 
changing  its  direction,  continues  its  course  in  the  first  medium. 
To  this  result  the  name  of  reflection  is  given. 

Reflection  presents  itself  under  various  aspects,  according  as 
the  surface  producing  it  is  more  or  less  perfectly  polished.  We 
shall  examine  tlie  two  extreme  conditions  of  perfect  polish  and 
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eding  irregularity.    Between  these  Umits  all  degrees  are 

ided. 

i  the  case  of  n  perfectly  burnished  regular  or  spocninr  aur- 

,  tlie  laws  for  refleclioti  of  lijflit  are  tlit*  same  a*  for  reflec- 

of  motion,  via. : 

t.  The-  rfjfectett  ray  A  B  is  m  the  T\a.  196. 

r  deUrmitml  by  fhe  incident  my  C  B,  n 

a  normal  or  perpendicular  N  drmcn 

e  rejiectiny  surface  M  M'  at  the  jtuiut 

tadence. 

I.   77if  anyte  r  made  by  the  rtjicited 

loilh  the  fwrmal  [anqlt  of  rejirction) 

\uit  to  the  angle  i  wkich  the  incident 

nakes  wUh  the  same  normal  [apyle  of 

enCe).  Itclbctlon. 

heee  lawn  may  be  easily  demon- 

:cd  by  directing  u  horizonlal  UeHni  from  it  proiectian  laiiteru 
1  u  polished  surface,  producing  condiiions  hb  in  Fig.  108. 
ii  relleclion  from  regular  or  specular  surfaces,  the  object  seeu 
>t  the  surface,  but  an  image  of  the  body  which  tR  the  primary 
jcoiidary  source  of  the  light.  When,  for  example,  a  pencil 
uniight  falls  on  a  mirror  hi  a  dark  room,  the  more  perfeetiv 
light  is  reflected  the  less  visible  is  the  mirror.  A  pafecfty 
fud  surface,  if  it  eotdd  he  made,  wwld  be  invisible. 

"S.  Beflection  from  TTnpoIiBhed  Snrfaces.— When  a  beam  of 
t  falls  upon  an  unpolished  surface,  its  raye  are  reflected  in 
lirecliojiH.  Tl  is  diffused  or  sraftered.  It  was  formerly  Haid 
e  irregularly  reflected,  but  this  is  not  tlic  caae:  it  obeys  the 
1  of  relleftiun,  hut  «ince  thu  surface  ie  cnniposed  of  project- 
particles  which  receive  incident  rays  at  all  anglefi,  when 
cted  they  ])afls  off  m  every  direction  and  the  body  becomea 
;ondary  source  of  luininoaJtv. 

is  by  scattered  or  ditfused  light  that  we  are  enabled  to  see 
determine  the  position  of  bmljcs.  W^hea  sunlight  falls  on 
irror,  the  eye  perceives  not  its  image,  but  that  of  the  sun. 
our,  or  any  powder,  be  dusted  on  the  rejecting  surface, 
ring  its  po^isii,  or  power  of  regular  reflection,  aa  the  image 
be  sun  diminishes  in  intensity  that  of  the  mirror  becomes 
er  marked.  By  difi'usion  of  sunlight  bv  the  air,  places  which 
»ot  recseive  direct  light  arc  bnghlened.  In  this  manner,  in 
Upper  etrata  of  air  before  sunrise,  and  after  sunset,  the 
lomonon  of  twilight  is  produced. 

%.  Inteiuity  of  Reflected  Light. — The  power  of  reflection  of 
irface  mid  irouf^equent  intcnflity  of  reflected  light  varies: 
with  the  brilliancy  of  the  original  source  of  light ;  2d,  with 
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the  perfection  of  jmlisli :  8d,  with  the  angle  formed  by  the 
incident  rny;  4lli,  with  the  nature  of  the  substance— flilwr,  kr 
exampiv!.  rufleela  more  H^^ht  than  other  DietuU;  6th,  the  nstan 
of  the  niedinm  truvellod  by  the  ray  befoi*e  and  atter  reflection— 
poliftlied  ghii*8,  for  exixniitle,  when  immerdeil  iu  water  hu*  lure- 
ilectiiif^  power  seriously  inipiiired. 

475.  Hirrora  aad  Proceu  for  Silvering  Thera. — Mirrors  iru  d^ 
fined  a»  bodies  with  jioUahed  surfaces  whieh  reflect  objecis  [ire- 
seated  to  them.  The  place  at  which  the  body  appears  to  b 
fiitnated  is  called  its  image.  Accoixling  to  their  ehape,  tlicv  ar 
caltod  plane,  concave,  convex,  spherical,  parabolic,  conicil,  etc- 

The  mirrors  used  by  the  ancients  w«ro  made  of  specaluni 
melul.  an  alloy  of  tin,  copper,  and  other  metals     Modern  look- 
ing-glassea  were  introduced  in  the   12th   centnry.     They  arv 
polished  plates  of  glasij,  coated  on  the  back  with  an  amalgam 
of  tin   and   mercury.     Since   pure   silver   posaossca   a   higher 
reflecting  power  than   other    metals,  various   processes  n»« 
been  eontrived   for  liepositins;  it  on   g}am.    The  coaiina;  «* 
formed  presents  a  grwit  advantage  over  the  ordinary  amalgwn 
iu  that  it  may  be  polished  Knd  used  as  u  true  specular  Burbc& 
When  80  burnialiud  cither  side  may  he  employea. 

The  method  I  have  generally  employed,  and  with  excellent 
results,  is  known  as  the  KiKshclle  salt  or  ('imeg's  process. 
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476.  Images  from  Plane  Mirrors. — The  effect  of  a  plane  mirri 
as  is  well  known,  ib  to  ])roiiuce  behind  it  imager;  which  acca- 
rately  represent  in  size  and  form  the  objects  in  front.  This 
result  may  be  explained  aeuording  to  the  laws  of  retleetion. 

In  the  figure  n  divei^ent  pencil  of  light  proceeds  fi'om  » 
lammous  poiut  at  the  top  of  a  candle  flame  A,  and  is  reflected 

from  the  mirror  at  B.  After  reflec- 
tion the  rays  on  entering  the  c-ye 
have  the  same  divergence  as  when 
they  impinged  upon  the  mirror,  and 
if  produced  backwards  meet  at  a 
point  C,  which  is  the  position  of  the 
image  of  tbe  top  of  the  flame.  In 
like  manner,  every  point  appears  in 
its  proper  position,  and  a  complete 
image  is  observed. 

The  images  produced  by  plane 

mirrors  are  ereef  images,  but  they 

are  not  exact  duplicates  of  the  ol>- 

iniatriapUiMiniRM-.  jccts,  sinco  ihcv  differ  from  them 

exactly  as  tlie    right   hand    diflers 

from  the  left.     This  may  be  readily  seen,  if  we  examine  the 

refluctud  image  of  a  page  of  print  in  a  mirror,  when  it  appears 
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len  viewed  tliroiigh  the  back  of  the  page,  or  like  the  sur- 

t)f  Ihe  tvpfe  fioni  whit-li  it  was  printed. 

477.  Virtual  and  R«al  Image*. — According  as  rays  are  divergent 
or  ct>nvergent  ul\i>r  reflection,  so  do  the  iinuges  differ.  Id  the 
exfierinient  represented  in  the  preceding  article,  the  rays  after 
leaving  the  reflected  surface,  enter  the  eye  as  a  divergent  pencil; 
if,  however,  they  arc  siipnosed  to  be  projected  through  the  mirror 
they  meet  at  a  point.  The  eye  is  then  aftccted  as  though  the 
rays  proceeded  from  this  point;  and  though  Been,  there  is  no 
real  image  formed.  RavA  do  not  come  from  the  other  side  of 
the  mirror.    These  arc  called  virtual  images. 

When,  on  the  contrary,  the  rave  converge  after  reflection,  as 
in  concave  mirrora,  they  do  meet  in  front  of  the  mirror,  on  the 
same  side  ae  the  object,  and  uhen  received  upon  a  screen 
properly  placed,  a  real  imago  is  formed.  These  facta  may  be 
©oncisciy  stated  as  follows  :  i2w/  imaaes  are  prwluced  ij/  the  re- 
fiteted  rays  ikeiiiselces  ;  virtual  tniagea  fry  /&»•  prohngation  backwards. 
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478.  Mnltiple  Imagei  from  Plane  Mirror*. — White  metallic  or 
specular  mirrors  give  a  single  image,  orditmi-y  glass  mirrors  give 
a  series,  as  may  he  seen  by  examining  the  reflection  of  a  candle 
flamo  in  an  obl)<{ue  line  in  a  looking-glaK».  Imager  of  dtllereut 
intensities  viewwl  under  these  cirruniHUuices  rcBuU  from  rettec- 
lions  from  the  anterior  and  posterior  surfaces  of  the  glass,  and 
from  secondary  reflections  from  one  to  the  other. 

■  If  an  object,  0,  be  placed  between  two  pnraljel  mirrors,  and 

■  viewed  as  delineated  in  Fig.  200,  a  great  number  of  images  are 

perceived,  of  which  a  fev;  only  are  shown.    Theoretically  the 

number  should  be  infinite,  bnt  since  in  nnictioe  a  portion  ot  light 
is  lost  at  each  reflection,  ihey  become  dimmer  and  dimmer,  and 
Anally  disappear.  If  the  surfaces  are  true  and  cvactly  i>aral!cl, 
they  will  be  arranged  in  a  straight  line,  as  in  the  figure.    But, 
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if  inclined  at  an  angle,  they  appear  to  be  on  the  eircumfereDce 
of  a  circle.  Practical  application  of  this  fact  has  been  made  in 
the  parallel  adjustment  of  mirrors.  If  two  plane  reflectors  are 
placed  at  right  angles  to  each  other  as  S  8,,  Fig.  201,  three 
images  of  the  object  are  produced  ;  if  tbe  angle  be  made  more 
and  more  acute,  the  number  becomes  greater  and  greater,  and 
when  parallel  they  are  theoretically  infinite,  as  stated  above. 
Upon  this  principle  of  multiplication  of  images  the  kaleidoscope 
depends  for  its  action. 

479.  Deviation  by  Rotation  of  Mirror — In  Fig.  202,  A  B  repre- 
sents the  edge  of  a  plane  mirror  receiving  the  incident  ray  I  C 

perpendicularly.     The  ray  will  then 

PiQ.  202.  be  reflected  back  along  the  line  I  C. 

Let  the  mirror  be  turned  or  rotated 

about  an  axis  passing  through  ite 

face   at  the  point  C,  until  its  edge 

assumes    the    position    A'  B',  and 

forms  the  angle  A'  C  A,  with  its 

first  position.     The  reflected  ray  will 

then  pass  ofi'in  the  line  C  R,  making 

with  the   normal,   C  N,  au  angle, 

NCR,  which  is  equal  to  N  C  I,  the 

''r  angle  of  incidence.     The  total  devia- 

K(T.-ct  of  mtaiint- mirr.,r.  tiou  (»f  thc  reflected  ray  is,  therefore, 

double  the  angle  I  C  N  or  A  C  A', 

through  which  the  mirror  has  been  turned.     The  same  will  be 

found  for  any  other  amount  of  rotation.     It,  therefore,  follows 

that :    When  a  phue  mirror  is  rotated  in  the  plane  of  incidence,  the 

direction  of  the  reflected  ray  is  changed  by  double  the  angle  through 

which  the  mirror  is  turned. 

480.  Applications  of  Plane  Mirrors. — Among  the  applications 
of  plane  mirrors  are: 

Ist.  For  toilet  purposes,  this  has  come  down  from  the  most 
ancient  times.  Two  or  more  mirrors  are  sometimes  use<l, 
enabling  a  person  to  examine  the  back  and  sides  of  the  head 
and  figure. 

2d.  In  drawing  rooms,  to  increase  the  apparent  size  of  the 
apartment,  and  multiply  the  objects  therein  by  repeated  reflec- 
tions. 

3d.  By  physicians,  in  the  laryngoscope,  for  examination  of  the 
larynx  or  other  cavities  not  easily  reached  by  direct  vision;  and 
by  dentists,  for  examination  of  the  posterior  surface  of  teeth. 
In  the  endoscope  n  plane  mirror  is  applied  to  examination  of  the 
urethral  canal. 
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4tli.  In  (he  microscope,  to  direct  the  light  along  the  axis  of  the 
itutrnmcnt. 

6tli.  In  the  heUostat,  the  U8e  of  which  h  to  keep  a  heaui  of 
Binilight  pcrttiniicntly  in  a  straight  line:  the  result  is  ohtaiiied 
hy  driving  a  plane  mirror  by  clockwork,  in  a  manner  to  pro- 
duce the  (loBired  rCBult.  Among  heliostats,  an  excellent  one  h 
tliat  of  Pragrooski.  Such  an  ajiparatim  la  al>ttolute1y  necessary 
for  microBcope photography  by  suiiligiit. 

6th.  Mance's  heiiograph\>f.»n  inetrumeiit  for  giving  signals  at 

freat  distances  by  flashes  of  sunlight  produced  by  a  mirror. 
ho  system  conaists  in  giving  tiashes  to  the  right  and  left. 
From  these  im  ulpluibct  is  made  up,  »b  in  llie  jMorac  telegraphic 
systetn  of  dote  and  dashes.  In  ibis  way  meaaages  at  the  rate  of 
ttrelve  words  |ier  minute  have  been  sent  to  a  distance  of  Ibrty 
miles  in  fine  weather. 

7th.  The  mfimtrement  of  stnali  angles,  us  in  the  deflection  of 
roagnetio  needles,  ieoReti  made  to  the  best  advantage  by  the  use 
of  E  mirror,  as  represented  in  the  figure.  The  observing  tele- 
•oopc  A  O  is  attached  to  a  scale  s  «,  the  axis  of  tbc  iufitrunient 
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HrMaivainnl  of  onall  «li<|M. 

corresponding  to  zero  of  the  scale.  At  N  S  a  magnet  is  sua- 
pended,  bearing  a  mirror  m  m,  arranged  with  its  plane  pcr|)eii- 
aicuhvr  to  the  axis  of  the  magnet  Jf  S. 

The  apparatus  is  a^ustcd  to  have  tlio  zero  of  the  scale  ajv 
pear  on  the  cross  wires  of  the  telescope.  When  by  any  cause 
the  magnet  and  its  mirror  are  deflected,  the  image  of  some 
other  figure  on  tlie  scale  appeiirs.  Suppose,  for  example,  the 
figure  at  a  represents  the  angle  a  c  O,  and  it  appears,  then  the 
actual  iluflection  of  the  magnetic  needle  is  onedmlf  of  tins  angle, 
according  to  the  principle  laid  down  in  the  article  on  deviation. 
In  \\\e  goniometer y  an  iuBtrumout  employed  for  the  measurement 
of  the  angles  of  crystalt^,  the  principle  of  reflection  is  also  em- 
ployed. 


4U 


OPTICS. 


ff 


8t!i.  The  serfrmt  or  gwuimni,  invented  by  N"ewton  and  re- 
iaveated  bjr  Iludley,  ie  unotlier  oxamplo  of  the  application  o( 

this  method,  tugetbvr  with  lhk\ 
Pio.  201.  of  trnneptirerit  nr  seiui-lraiifipiir- 

ent  ntiLTors. 

The  essential  purt^  oF  the  v&- 
strument  arc  a  phine  ghiss  mirror 
partially  Bilvcrcd  and  tixcd  to 
I  lie  frame  at  A,  Kit?.  204.  Thifl 
uol  ooly  reflects  light  receive] 
in  the  direction  A  H,  hut  aleo 
enables  the  ol>scrver  to  see  ob- 
jects in  the  liue  A  II  throuBk 
the  telescope  T,  whicli  ie  also 
etationary.  A  second  mirror,  B, 
IB  mounted  on  the  axis  of  tbe 
pointer  I,  which  travorseB  the 
graduated  arc  Q  V.  When  the_? 
TbiMMut.  are   parallel  to  each  other,  the 

index  is  at  V,  the  zero  of  the 
Kcrale,  the  incident  ray  H'  B.  parallel  to  H  A,  will,  when  it  falls 
on  B,  be  reflected  afong  the  line  B  A  to  A,  and  thence  along 
A  T  to  the  observer  at  the  telescope,  who  thus  see*  by  two 
reflections,  at  B  and  A,  the  same  objects  at  ti  that  be  views 
directly  through  tlie  partially  ailvcred  mirror. 

:i^uppo8e  it  be  desired  to  determine  the  altitude  of  the  son 
above  the  horizon.  The  ohtterver  holds  the  sextant  in  such  a 
manner  that  the  raya  of  nunlight  falling  upon  B  arc  reflected 
to  A,  and  produce  an  image  in  tbe  eye  at  T.  Ue  theu 
moves  the  arm  T,  until  this  sun  image  is  made  to  appear  on  the 
horizon,  as  at  II.  through  the  partially  iilvered  mirror  A.  The 
number  of  degrees  through  which  the  arm  I  has  been  moved 
over  the  scale  to  cause  the  coincidence  of  the  images  S  and  H 
is  then  read  off.  According  to  the  preceding  section  on  devia- 
tion by  mirrors,  this  i&  double  the  angle  that  S  and  H  actiuUly 
form  with  each  other;  one-half  tbe  angle  obtained,  therefore, 
represent*  the  angular  height  of  the  sun  above  the  liorizon. 

In  practice  the  sextant  isgra<luated  to  half  degrees,  which  are 
valued  in  the  enumeration  as  whole  degrees.  Tbe  correction 
mentioned  In  thus  avoided,  and  the  true  result  obtained  bv  the 
actual  reading.  In  addition  to  this  device  others,  as  dark  gfasseA 
to  reduce  tlio  brightness  of  the  sun's  image,  and  a  vernier,  and 
reading  mici-oacopc,  in  place  of  the  pointer  1,  are  employed. 

9tli.  Ill  the  determination  of  the  altitude  of  a  atar.  it  is  often 
diftituilt  to  fix  the  position  of  the  true  horizon.  This  is  sur- 
mounted by  a  device  known  as  the  artijicial  hcrism.  A  telescope 
provided  with  cross  lines  ta  mounted  on  a  horizontal  axis, 
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sverse  ft  \'ertipftl  circlu  whith  is  carefully  fradunted.  The 
instriituunt  it^  luriied  to  thii  sftur,  uiul  the  i>c>t<ilion  of  thu  tele- 
Gcojjc  read  oil' on  the  circle.     A  tup  coniaiiiing  riiere-ury  is  then 

^p)llced  iu  front  of  tlio  appitratus.'and  the  reflected  imafie  of  the 
Blar  viewed  therein,  and  brought  upon  the  cross  lines.  The  now 
position  IB  then  read  off,  when  half  ihe  angle  included  between 
ihe  two  positions  reprcseiitfi  angle  of  altitude  of  the  star  above 
the  horizon. 

lOlh.  The  device  of  a  transparent  mirror  is  sometimes  resorted 
to  in  theatrical  representations.     A  tar^e  mirror  of  unsilvered 

frlans  is  placed  at  a  Buitahle  angle  upon  the  stnge,  which  is  dimly 
i^hted.  Through  this  sheet  of  glass  the  aoilience  bccs  everj- 
thing  upon  the  stage,  llenealh,  in  such  u  position  that  it  may 
be  reflected  to  the  audience,  is  the  ghost  or  other  object,  bril- 
liantly illuminated.  As  this  moves  about,  it  appears,  from  the 
auditorium,  to  pass  among  the  things  and  actors  upon  the  stage. 
Thus  the  deception  of  the  ghost  iu  the  play  of  Hauilet  is  pro- 

^duccd.  By  other  and  »«uilable  arrangements,  the  illusions  of 
the  magic  cabinet  «ud  disembodied  bead  are  accomplished. 

11th.  The  /ialtiilostvpe  inventeil  by  Sir  David  Brewster,  and 
now  used  in  the  arts  of  design,  is  another  application  of  reflect- 
ing property  of  mirrors.  It  consists  of  a  tube  in  which  two 
glass  mirrors  are  inclined  at  an  nnglo  of  sixty  degrees  to  each 
other,  and  extending  along  its  whole  length.  One  end  is  closed, 
excepting  a  Hniall  hole  in  the  centre,  to  whieli  the  eye  is  applied. 
I  The  other  is  provided  with  (\v(t  plates  the  outermost  of  ground 
[glass.  Between  these  a  number  of  pieces  of  colored  glass  are 
placed.  Directing  the  tube  to  the  skv  or  other  source  of  lights 
and  revolving  it  while  looking  throngli  the  eye-hole,  the  piecca 
of  colored  glass  iis  they  fall  into  new  positions  form  symmetri- 
cal patterns  which  are  very  beautiful. 

By  the  introduction  of  a  third  glass  mirror,  thus  forming  a 
[ com ui nation   Ihe  section    of  which   represents   an    equilateral 
[triangle,  effects  equal  to  three  simple  kaleidoscopes  are  pro- 
dooea. 

481.  Spherical  Concave  Mirrort. — Tii  a  spherical  mirror,  as  (he 
term  iiiiiicateN,  the  rellectin<^  ^urliicc  is  a  portion  of  a  sphere;  if 

'formed  b)'  the  interior,  it  is  called  a  concave;  if  by  the  exterior, 

I*  iithMT.  mirror. 

In  Fig.  206,  a  concave  spherical  mirror  is  shown  in  section. 
The  distances,  C  A,  C  M,  C  N,  etc.,  represent  the  radii  iij>on 
which  it  hue  been  constructed,  they  are,  tlierelbre,  called  Ihe 
radii  of  curvatirre.  To  the  point  C  the  ler ms  crtttre  of  curvature 
•nd  ifcomctrical  centre  are  applied.     The  radius  of  curvature  C  A 

[is  <'fllled  the  principal  axm.     All   other  radii   or  lines  passing 

Itbrough  C,  and  touching  the  surface  of  the  mirror  are  caPGd 
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secondary  axes.  The  point  A,  at  which  the  principal  axis  touches 
the  mirror  is  called  the  pole.  The  angle  M  G  N,  included  betveen 
the  extreme  radii  of  curvature  is  the  aperture.  A  section  made 
by  cutting  it  by  a  plane  contafhing  its  principal  axis  ia  called  a 
principal  or  meridioncU  section.  The  section,  Fig.  205,  is  of  tiiis 
description. 

The  laws  governing  the  action  of  spherical,  are  the  same  as 
for  plane  mirrors  ;  the  former  is  made  up  of  au  infinite  namber 
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of  plane  surfaces,  called  elements.  A  normal  to  the  curvature 
at  any  point  is  a  perpendicular  to  the  element  at  that  point. 
Since  all  normals  to  the  surface  of  a  sphere  pass  through  ita 
centre  of  curvature,  one  may  be  readily  constructed. 

482.  Principal  and  Conjugate  Foci. — Applying  the  principles 
laid  down  in  the  last  paragraph  to  Fig.  205,  let  C  B  be  a  normal 
to  a  point  on  the  surface  of  the  mirror,  and  H  B  an  incident 
ray  to  the  same  point ;  it  will  be  reflected  on  the  opposite  side 
of  the  normal,  and  the  angles  H  B  C  and  C  B  F  will  be  equal. 

In  the  case  under  consideration  the  incident  ray  H  B  is  parallel 
to  the  principal  axis.  Take  another  ray,  G  D,  also  parallel  to  the 
principal  axis ;  it  obeys  the  law  of  reflection,  and  follow^ing  the 
line  D  F  cuts  it  at  the  same  point  as  B  F.  In  like  manner, 
every  incident  ray  parallel  to  the  principal  axis  after  reflection 
from  a  concave  mirror  of  less  aperture  than  ten  degrees  crosses 
it  at  ¥.  The  point  of  meeting  of  the  rays  in  F,  is,  therefore, 
failed  X\-\Q  principal  focus. 

Rays  falling  upon  a  mirror  may  be  made  to  meet  at  other 
positions  than  that  represented;  therefore,  foci  receive  special 
designations  according  to  the  manner  produced. 

Where  rays  are  parallel  to  the  principal  axis,  it  is  formed 
upon  that  axis,  and  is  called  the  principal  focus.  The  distance, 
A  F,  of  the  principal  focus  from  the  surface  of  curvature  is  one-half 
of  the  radius  of  curvature.  This  distance  is  also  called  the  princip<d 
focal  distance  of  the  mirror. 

Where  rays  are  divergent,  as  from  a  luminous  point,  a 
brief  application  of  the  laws  of  reflection  shows  that  their  di- 
vergence will  he  diminished,  but  the  character  of  the  reflected 
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focil  aud  position  of  the  focus  will  vary  greatly^  according  to  tho 
lition  of  the  luniinoua  point.  Three  cases  may  he  examined. 
Ut.  When  the  point  whence  divergent  rays  issue  ib  at  the 
;U(*  of  iho  ttiirror.  Fig.  205,  the  redocted  rays  will  he  parallel,  i 
this  is  fliniply  a  reversal  of  the  pmceas  l)y  which  parallel 
ivs  were  converged.  If  it  is  desired  to  produce  a  beam  of 
Immllel  rays,  it  may  be  obtained  hy  ])Iacing  the  source  of  light 
»t  tho  focufl  of  a  concave  mirror. 
2d.  If  the  lurainoHH  point  h  be  moved  along  the  principal 
[axis  to  a  point  lieiwecn  the  prineipai  focus  F  and  the  centre  of 
curvature  C,  the  reflected  raya  L  Kaiid  L  I  will  meet  beyond  Ihe 
centre  of  curvature  at  L.  Conversely,  rays  from  a  luminous 
point  at  Ij  will  converge  at  /  within  the  centre  of  curvature, 
oioce  these  two  positions  bear  this  mutual  relation  to  each 
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Other,  they  are  called  eonjvgate.  fon.     If  tho  luminous  point  is  at 

the  centre  of  curvature,  since  the  rays  are  then  normal  to  tho 
.JDrfaeeof  curvutnra  C,  they  will  be  retleeted  hack  upon  it,  and 
''fte  conjugate  fuci  are  in  this  case  identical.     In  all  cased  where 

a  concave  mirror  converges  rays,  the  rays  are  divergent  after 

they  pass  tho  focal  pc)int.     From  a  hram  ofpantUel  rajf.i,  therefore, 

a  tonrtrgent  or  a  divergent  pencil  of  light  may  be  obtained  by  a 

cottrave  tiuifor. 
If  the  luminous  point  be  paased  nearer  to  the  mirror  that) 

its  focal  di^tatice,  though  the  dtvergcMiceof  the  rays  is  diminished, 

they  retain  this  character  and  do  not 

Ci>mo  to  a  true  focus     This  state  of  Fia.207. 

fttfnirs  is  shown  in  Fig.  207,  L  being 

llie  luminous  jKjint  between  the  focus 

F  and  the  surface  of  the  mirror  A, 

the  incident  rays  L  M  and  L  N  are     i^..i] 

reflected  in  the  paths  M  K  and  N  H,  "^ 

which  are  divergent. 

483.  Beal  and  Virtual  Pocl.— In  the  virt«^«««.     " 

fir^t  and  second   conditions   studied 

■in  the  preceding  article,  if  a  small  screen,  as  a  piece  of  white 
Mper.  oo  pUce<l  at  the  focus,  an  image  of  the  object  is  fornie*). 
In  tiie  lirst  caso,  the  sun  or  the  moon  being  the  source  of  light 
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the  rays  arc  procticaltr  parallel,  and  an  ima^  of  either  of  ih»e 
abjecls  will  be  formed  on  the  screen  at  the  principal  tbciis.  Ic 
this  manner  the  principal  focus  for  any  aiirror  may  be  <lote^ 
mined;  its  distance  multiplied  by  two  gives  the  radius  of  cnm- 
ture.  Tn  the  case  of  conjugate  foci,  an  image  of  a  caudle  flaaie 
or  other  luminous  object  will  be  formed  at  one  fo«Ufi,  tlie  oljixl 
being  at  the  other.  The  actual  image  forQie<l  upon  the  scnwQ 
under  these  conditions,  is  called  a  real  focus. 

In  the  third  coso  in  the  preceding  article,  the  reflected  nys 
are  divergent,  and  there  is  no  real  focutu,  but  if  we  imagine  Ibnt 
divergent  reflected  rays,  M  E,  and  N  H,  Fi^.  207.  to  beprolone^ 
backwards  through  the  mirror  in  the  directions  M  I,  and  N  /,  tner 
meet  at  the  point/.  To  this  point  the  name  of  drhialfocw'* 
given.  As  in  the  case  of  virtual  images  formed  by  plane  mirron, 
we  may,  therefore,  say,  that  a  real  Jocus  is  formed  bt;  the  rejltfttd 
rays  tfiem^elvfs;  a  virttiat  focus,  tfff  their  pro^tigation  thro¥ghtk 
maroT. 

484.  Spherical  Convex  Kirrors. — These  have  but  few  practid|^| 
appliuiii<'n.'<  besides  that  of  obtainiug  a  point  of  light,  or  iuciuif^ 
ing  the  divergence  of  rays  in  a  reflecte*!  beam.    Application  of 
the  laws  of  reflection  shows  that  they  can  only  have  virtual  fod. 

485.  Formation  of  Images  by  Spherical  Mirrors. — From  coo- 
sideration  of  the  image  of  a  luminous  point  wo  pass  to  that  of 
any  object  poBaeeatng  appreciable  size.  Where  a  mirror  is  con- 
cave, two  cases  present  themselves:  1st,  the  image  is  real;  3d, 
it  is  virtual 

het  A  B,  Fig.  208,  represent  the  object  placed  beyond  the 
centre  C.    To  determine  tlie  focus  of  the  point  A,  draw  thence 
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to  the  mirror  tlie  secondary  axis  A  E,  and  also  an  incident  ray 
A  1>.  Construct  a  normal  to  D, and  draw  the  rellucled  ray  Drt, 
taking  care  that  the  angle  of  reflection  C  D  fi  is  equal  to  the 
angle  of  iucidence  ABC.  At  the  point  a,  where  the  reflected 
ray  cuts  the  secondarv  axis  A  E,  the  image  of  the  point  A,  will 
be  formed,  the  same  fceiug  its  conjugate  focus.  In  like  manner, 
draw  on  incident  ray  and  aecoiidary  asie  from  B,  when  it  will  be 
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>uud  that  afler  reflection  tlie  former  cuts  the  lutter  at  (,  where 
le  image  of  B  a)>pearA  at  ilHooiiJug^ate  ihcus.     All  poltitt^  of  the 
>bjecle  A  B  may  tiiiis  be  examined,  when  it  will  be  found  that 
their  uonjugute  foci  lie  between  a  and  b.     It,  therefore,  follows, 

■Ibat  Me  ima^  of  the  object  A  B  ptacat  beyond  the  centre  of  curvature 
U  formed  at  a  b,  between  the  centre  of  curcature  and  the  principal  focus  ; 
it  is  also  real,  inverted,  and  emaller  than  the  objeet. 

If  tho  object  is  at  a  6,  between  the  principal  focus  and  the 
centre,  the  reveree  conditions  are  presented,  and  the  Image  is 
formed  at  A  B.  It  is  real,  uicerted,  iarfjcr  ihnit  the  object,  its  size 
HDxTfojrnjr  as  the  object  is  placed  nearer  to  the  principal  focus. 
^  When  it  is  at  the  principal  focue,  tho  reflected  rays  from 
each  point  being  parallel  to  the  secondary  axis  drawn  there- 
from, an  imatfc  is  not  formed. 

When  it  is  between  the  mirror  and  its  principal  focus,  the 
nyn  do  not  come  to  a  focus,  but  are  divergent;  a  i-eal  image, 
therefore,  is  not  formed,  but  the  eye,  when  properly  placed, 
perceires  one  which  is  virtual,  erect,  and  larger  thaii  the  object. 

By  placing  one's  self  in  front  of  a  concave  mirror,  all  these  facts 
may  be  veritied.     At  a  certain  distance,  a  real  inverted  smaller 
image  is  seen,  on  approaching  this  becomes  confused,  and  when 
at  the  focne  it  disappears;  passing  within  the  focus  an  enlarged 
[Tirtual  erect  image  appears. 

In  the  case  of  convex  mirrors  only  virtual  images  are  pro- 
Tduced.  At  any  position  before  theao  tho  image  is  always 
[*re<-t,  and  smaller  than  the  object,  as  can  be  shown  by  direct 
I  experiment,  or  by  the  construction  of  a  diagram,  as  with  con- 
tcave  mirrors. 
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486.  Spherical  Aberratioa  and  Caustics. — The  statcnients  thus 

[for  made  regarding  mirror:?,  are  only  correct  while  the  angle 

[of  aperture  is  not  more  than  ten  degrees.     When  it  passes  be- 

[yomi  thiA,  the  rny>)  reflc-cte<]  from  tlio  exterior  portions  reach  a 

Ifocus  nearer  to  the  mirror  than 

tho«te  reflected  from  the  regions 

about  the  pole,  as  at  B,  the 

image    is,   therefore,    blurred. 

To  this  etlect  and  its  can^e  the 

term  sphrrit-al  aberration  is  ap- 

iilied.     It  is  represented,  Fig. 

2011,  where  tho  ray  from  L,  re- 

ccted  from  A,  cuts  the  prin- 

cipiil  axis  within  the  point  at  which  the  ray  reflected  from  B 

reaches  it.     By  connecting  the  jioints  of  interseciion,  the  cnrve 

Xl   F  is  obtained.     Thitf  is  called  tho  cansHc.     It  is  perceivable 

when  lamp  or  candle  light  is  reflected  from  the  interior  ot"  a 

tumbler  upon  milk  or  other  fluid  contained  therein. 
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487.  Parabolic  Hirrors.— To  avoid  the  aberration  id  8pb« 
mirroi-s  of  aperiiire  greater  than  ten  dej^reee,  a  itaraholiv  ci 
tare  is  employed. 

In  Fig.  210,  L-ouccivti  that  the  arc  A  M  of  a  parattola  ie  caused 

to  revolve  about  its  axis  A  X,  i 
Flo.  210.  mirror   ot'  the    form   in  qocstkm 

would  result.     Thetieurealflo  iiidi- 

L      cates  that  in  a  porahoia  any  straight 

line,  F  M,  drawn   t'rom  the  ftMjo* 

to  any  point,  M,  and  there  meeting 

x_      a  line,  M  L,  parallel  to  the  art* 

will  form  equal  angles  with  a  lao- 

gaui,  T  T',  to  the  curve  at  their 

jtoiut  of  iutereection,    M.     From 

this  it  follows,  that  all  raya  parslltl 

pwmboUr  minw.  to  the  axi-9  Will  be   reflected  to  iht 

focus:  and,  conversely,  a  lumiDoui 

point  at  the  focun  will  give  parallel  raya.     Hence  the  uae.) " 

tlioee  in  railway  and  carriage  reflectors. 


488.  Cylindrical  Mirrors.     AnamorphosiB. — The   distortion  by 
convex  mirrors  of  this  fomi  is  very  great.    When  the  axis  is 
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vertical,  it  acts  like  a  plane  mirror,  as  regards  the  angular  mag- 
nitude under  which  height  of  the  image  is  seeu.  and  like  a 
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iherical  in  relation  to  its  breadth.    Tho  reflected  image  \s,  there- 
fore, greativ  coiitracii-il  in  iu  lioriy-rtiiral  (iimeiislons. 

Tiy  drawings  pictures  witli  the  pniper  distortions,  and  viewing 
^thein  by  ri)fl(.'cliv)n  in  a  cylindrit-al  mirror,  as  m  Fig.  211,  tlio 
fceontua*-'d  oppearance  existing  is  torrcctwl,  and  the  image  repre- 
BpcotR  a  recofi;ni7.able  form.  This  methml  of  restoration  of  triio 
^n)mporli<tn  it«  called  anamorphosis. 

Concave  cylindrical  and  tubular  mirrors  are  uaed  in  exami- 
nation of  different  cavities  of  the  body.    They  eerve  to  direct 
light  into  sneh  ca^Htiei*.    Tboy  vary  in  form  and  size  according 
^to  tlic  use  for  which  they  are  applied.     Among  these  are  tho 
■a«ra/  itpecidwti ;  nasal,  crTmnoaeope;  hIbo  rectal,  raginal,  and  ttrethnd 

4dO.  Applications  of  Carved  Mtrnra  are  chiefly  for  condensing 
light,  and  !l>r  use  in  rflKMting  telescopes. 
H    In  many  forms  of  min-oscopf,  a  concave  mirror  is  attached  10 
Bthc  poelenor  face  of  the  plane  mirror,  which  reflects  the  light 
■thr(m(;h  the  stage  of  the  instrument.     By  either  of  thc«o  direct 
Bor  oblique  illutnination  is  obtained  as  desired. 
H    The  opftthainw^-ope  consists  of  a  concave  silvered  mirror  with 
Hsn  aperture  througli  the  pole.     It  it!  used  lo  direct  a  convergent 
"iwam  of  light  into  the  eye  under  examination.    The  interior 
t^ms  illuminated  ia  viewed  by  the  operator  placing  bia  eye  at 
the  aperture.    The  inspection  can  be  conducted  witJi  or  without 
the  aid  of  magnifying  glaAsea. 

In  the  lttrt/»po:ti:ope,  already  mentioned  (480,  Hd).  a  mirror  such 
as  that  ile^rribt'd,  is  uned  in  conjunction  with  a  plane  reflector, 
Tho  latter  is  held  by  a  handle  at  a  suitable  angle  at  the  back 

I  part  of  the  mouth,  the  condcnsod  light  from  the  ophtlialmo- 
•cope  mirror  is  tbna  reflected  into  the  larytix,  the  plane  re- 
flector serving  lo  direct  tho  light  into  the  organ,  and  enable  tJie 
operator  to  view  its  interior. 
In  the  LitherkifJm  objective  for  inicroscopeti,  the  glaea  objective 
k  placed  in  Iho  pole  of  a  refltctirig  mirror,  opaque  objects  arc 
tlius  subjected  to  a  more  brilliant  illumination  (684). 
In  reflecting  IclcRcopes  concave  miri'ors  are  employed  to 
produce  images  of  eelcstial  and  turreatrial  objects.     These  are 

Bdiso  tailed  rtUoplrk  trkscofifs.  Varionn  forms  have  been  con- 
•truiTtcd.  In  (he  Jlawhili'in  telescope  the  reflector  is  set  at  a 
■light  angle  to  the  tube,  and  the  image  'm,  produced  at  one  side 
Tiear  the  month,  and  there  viewed  directly  by  the  eye  of  the 
observer.  In  the  JVcictoniau  rejlfctnr  it  is  set  at  right  angles  to 
the  tube.  In  the  axis  of  this  near  its  mouth,  a  ]>Iane  mirror 
reflect*  the  converging  beam  to  one  side  whence  it  passes  ihrough 
ux  aperture  and  is  viewed  by  the  eye.  In  the  Gregorian  form  it 
perforated  through  its  pole;  the  ray <^,  as  in  the  Newtuniao, 
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are  received  upon  a  plane  mirror,  which  is  set  parallel  to  the 
concave  mirror;  the  converging  beam  is,  therefore,  sent  back 
to  the  aperture  in  the  centre  of  the  concave  mirror,  and  there 
viewed  by  the  eye. 

By  the  process  for  silvering  glass,  telescope  and  other  mirrore 
are  now  made  of  this  substance  and  covered  with  pure  silver. 
Accurate  curvature,  high  reflecting  power,  and  lightness  are 
thereby  obtained. 


CHAPTER  XX. 

BEFBACTIOK   AND  PRISMS. 

RofVaction  illustrated — Refraction  power  of  diiferent  media — lAyrt  of  lingle 
refraction — Index  of  refraction — Critical  angle.  Total  reflection — Atmos- 
pheric refraction  and  mirage — Media  with  parallel  surfaces — Th«  prism- 
Track  of  ray  in  priem.  Angle  of  deviation — Minimum  deviation — Reflect- 
ing prisms. 

490.  Be&action  IlIiiBtrated. — Much  of  the  light  falling  upon 
a  surface  is  reflected ;  the  quantity  so  disposed  of  is  greater 
as  the  color  of  the  body  is  lighter  and  its  polish  more  perfect 
Even  the  whitest  and  most  accurately  polished  surfaces  do 
not  reflect  the  whole  of  the  incident  light,  but  a  portion 
always  penetrates  the  substance.  In  opaque  bodies  the  whole 
is  absorbed  very  near  the  surface.  In  those  which  are  trans- 
lucent it  is  taken  up  sl»wly,  and  a  portion  may  pass  out  from 
the  opposite  side  if  the  medium  is  not  too  thick.  In  those 
highly  transparent,  a  small  portion  is  reflected,  the  greater 
part  passing  through  with  but  slight  loss. 

In  the  passage  of  a  ray  of  light  from  one  transparent  medium, 
air,  to  another,  water,  the  track  does  not  undergo  any  change  of 
direction,  providing  it  enters  the  second  perpendicularly.  If, 
on  the  contrary,  it  penetrates  it  in  any  other  course  than  the 
normal  or  perpendicular,  it  no  longer  follows  the  same  track, 
but  suddenly  breaks  therefrom  at  the  surface,  and  pursues  a 
straight  line  in  a  difierent  direction.  To  this  phenomenon  the 
term  refraction  is  applied. 

The  direction  in  which  the  course  of  a  ray  is  broken  differs 
with  the  relative  densities  of  the  two  media  concerned.  Of  this 
the  following  experiments  are  illustrations.  Let  A  B  represent 
a  rectangular  aquarium  with  the  vertical  end  A  covered  by  a 
board,  or  blackened  to  render  it  opaque.     At  C  a  candle  flame 
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ii  placed,  tho  rays  tlierefroni  being  obstructed  bv  flie  opaque 
eid«  oiilv  illumtuate  ihe  upper  part  of  the  flqiianum,  and  the 
vbole  of  ihe  boltnm  is  in  deep  shade  when  obsprvwl  from  the 
ride  Bs  in  Fig.  212.     Now  let  the  tank  be  slowly  tilloil  with 


FlQ.  212, 


irster;  then  viewing  it  na  before,  as  the  fluid  risea  higher  and 
liisrfaer.  more  uiid  more  of  the  bottom  is  illuminated,  until  wlien 
rull  to  the  brim  tlie  ruya  rt-Ufb  »»  far  forward  as  U. 

In  tbo  bitter  ca»c  tlio  light  has  paHttcd  from  a  light  niedinm, 
air.  into  a  denser  inediiiui,  wtier.  It  hiusalBu  impinged  upon  the 
fturbce  of  the  latter  at  a  considerable  angle  to  the  normal.  It 
bus  consequently  been  refracted  from  the  course  C  A,  into  A  B, 
the  new  trat-k  being  bent  towards  the  side  of  the  tank  at  which 
the  ray  entered.  Viewing  that  aide  as  a  perpendicular  in  tlie 
Tiifdium  to  '\U  surface,  we  say  thai  tho  refraction  ie  towards  the 
perpendiciilnr  or  normal.  The  plane  separating  the  two  media 
i«  called  the  r^racUng  surface^  and  each  of  the  media  a  refracting 

Empty  the  tank  and  place  a  silver  coin,  A,  upon  its  bottom, 
the  eye  at  C  can  see  it  in  a  straight  line,  then  move  to  E; 


Fio.  218. 
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WW  the  coin  \n  invi-iihle  on  account  of  the  intervention  of  the 
opar|no  eide  B.  Filling  tlie  veseel  with  water,  the  position  of 
the  eye  not  changing,  it  again  comes  into  view,  and  together 
with  the  bottom  appears  to  rise,  so  that  the  vessel  seems  to  be 
shallower  than  before. 
Those  appearances  are  all  due  to  refraction.    Tho  ray  A  B 
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proceeding  from  the  coin  takes  the  direction  A  C  when  the 
tank  is  tilled  with  air ;  but  when  with  water,  the  ray  A  B,  on 
leaving  the  surface  at  B,  undergoes  refraction,  and  takes  the 
new  couree  B  E,  the  eye  perceiving  A  as  though  at  F.  If  we 
compare  the  new  or  refracted  path  B  E,  and  its  preceding  path 
B  C,  with  the  normal  H  G,  we  find  that  in  passing  from  the 
dense  into  the  light  medium,  the  ray  has  been  refracted  from, 
instead  of  towards  the  normal. 

491.  Befraction  Power  of  Different  Hedia. — In  the  experiment 
with  the  coin,  the  course  of  the  emergent  or  refracted  ray  was 
bent  away  from  the  normal  at  the  point  of  emergence.  In  the 
trial  with  a  caudle  it  was  bent  towards  the  normal.  In  this,  as 
in  all  cases  of  refraction,  the  medium  in  which  the  ray  makes 
the  smaller  angle  with  the  normal  is  said  to  have  the  greater  re- 
fractive power. 

Though  generally  this  is  true,  it  is  not  always  eo.  In  place, 
therefore,  of  speakmg  of  the  denser  and  rarer  medium^  it  is  more 
accurate  to  use  the  terms  more  refractive  and  less  refractive. 

In  gases,  liquids,  glass,  and  un crystallized  media,  the  refrac- 
tion is  single.  In  many  crystalline  bodies,  as  Iceland  spar  and 
selenite,  on  the  contrary,  the  refracted  ray  is  divided.  This  is 
called  double  refraction. 

492.  Laws  of  Single  Eefraction. — These  were  first  stated  by 
Snell,  and  afterwards  enunciated  by  Descartes.  They  are  gen- 
erally known  as  the  laws  of  Descartes,  or  as  the  law  of  sines. 

Let  I,  Fig.  214,  represent  the  point  of  impact  of  the  ray 
R  upon  the  surface  separating  two  media,  and  I  S    its  refracted 

course  in  the  second.  The  angle 
made  by  R I  or  R'  I,  and  the  nor- 
mal to  the  surface,  is  the  angle  of 
incidence,  and  the  angle  made  by 
I  S  and  the  normal,  is  the  antjle  of 
refracticrn.  Continuing  the  course 
of  the  ray  R  I  to  R'  we  have  the 
angle  R' I  S  formed,  which  is  the 
deflection  of  the  ray  R  I  from  its 
original  course.  This  is  called  the 
angle  of  deviation. 

Desci'ibe  a  circle  around  I  as  a 

centre,  and  from   S  let  a  perpen- 

T^,«  ..rnfruction,  dicular  fall  on  the  normal,  it  will 

cut  it  at  P.     The  line  S  P  then 

becomes  the  sine  of  the  angle  of  refraction  SIP.     From  R', 

the  point  of  intersection  of  the  prolonged  incident  ray  and  the 

circumference  of  the  circle,  draw  a.  second  perpendicular  to  the 
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norraal,  it  will  iiitereoct  it  at  P',  and  the  line  R'  P'  will  represent 
thi!  sine  nf  the  an^le  of  inmdcncc.  As  one  of  thceo  sinoA  varies, 
the  other  changes  in  a  constant  ratio.  From  these  facts  we  liavc 
I  the  followin^f  laws. 

1st.  The  TejTWted  ami  ivcttlent  raysarfm  the  sume  planr,  and 
\at  right  (u}gU9  to  the  surf  nee  hettceen  the  two  media, 

2d.  For  ait  angles  of  the  incident  ray,  the  ratio  of  the  sine  of  the 
cn/jle  nf  incidence  and  of  the  sine  of  the  anyle  of  refraction  is  c<fn- 
slant  f^  two  givm  metlia,  hut  i^arieafor  dij)'eraii  mexlia. 

403.  Index  of  Ee^ction. — The  ratio  betweeu  the  sines  of  the 

I  angles  nf  iiieidcnce  and  refraction  ib  culled  the  index  of  refraciion. 

It  varies  with  different  media.    From  air  to  water  it  is  \ ;  from 

air  tu  glu8»  it  is  ^.     If  the  course  of  the  ray  is  considered  in  the 

opposilu  direcliou,  the  index  is  reversed,  being  from  water  to 

iwr  f,  and  from  glass  to  air  $. 

When  a  ray  piisrtcs  from  a  vacuum  into  a  medium,  the  ratio 

lis  greater  than  unity,  and  is  called  the  absohtte  hidex  of  refraetion 

!or  simply  the  index  for  the  medium  in  question.     In  air,  the 

absoltiie  index  i»  so  i^rnull  that  it  may  be  neglected  when  com- 

ired  with  ll<iuids  and  t^olids. 

\fDViKb  or  KxriucTioit. 
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The  relative  index  of  refi*action  from  any  medium,  A,  into  a 
laocond,  B,  ik  always  (!C|iial  to  the  Bbstilutc  index  of  11  divided  by 
Itlie  alMoliitc  index  of  A. 
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494.  Critical  Angle.    Total  Eeflectioo. — Consideration  of  the  law 

of  sines  shows,  that  if  the  incident  ray  ie  in  the  lesa  refractiTe 
medium,  there  is  always  a  corresponding  angle  of  refraction. 
This  is  not  the  case  when  the  incident  ray  is  in  the  more  refract- 
ing medium.  When  it  passes  from  water  into  air,  for  example, 
there  is  an  angle  at  which  the  angle  of  refraction  becomes  %°\ 
beyond  this  the  ray  is  iotalli/  reflected  at  the  surface. 

In  Fig.  216,  let  S  0  be  a  ray  of  light  traversing  water  fromS 
to  O,  and  suppose  that  at  O  it  is  refracted  in  the  direction  0  B. 
Any  ray,  P  0,  making  a  greater  angle  with 
the  normal  than  the  angle  SOB,  cannot 
emerge,  but  will  of  necessity  undergo  re* 
flection  at  0,  and  follow  the  direction  0  Q. 
The  angle  SOB  being  the  limit  at  which 
the  refracted  ray  can  emerge  from  the  fluid, 
is  the  critical  angle.  From  water  to  air  thia 
is  48°  35';  from  glass  to  air,  41'*  48'. 

Examples  of  total  reflection  are  seen  in 
the  brilliancy  of  the  surface  of  bubbles  of  air 
in  water,  when  viewed  at  a  certain  angle. 
If  a  plain  glass  tumbler,  or  a  beaker,  ie 
filled  with  water,  and  held,  above  the  head,  until  the  line  of 
vision  is  through  the  side  of  the  vessel  to  the  surfece,  as  it  ia 
raised,  an  angle  is  soon  reached  at  which  objects  on  the  ground 
appear,  their  images  being  produced  by  total  reflection  from  the 
under  surface  of  the  liquid. 

495,  Atmoapheric  Refraction  and  Hirage. — As  light  is  refracted 
on  its  exit  from  air  to  water,  it  likewise  changes  its  course  on 
passing  from  vacuous  space  into  the  atmosphere.  Consequently 
only  those  celestial  bodies  actually  overhead  appear  in  their  true 

Fio.  216. 


B 

Critical  KQgle. 


Twilishr. 


position,  since  their  rays  enter  the  air  at  the  normal.  The  light 
from  a  star  at  A,  Fig.  '216,  is  refracted  on  entering  the  air  at  c, 
and  the  observer  at  d  sees  it  as  thougli  at  a.  At  B,  the  sun  is 
represented  after  it  has  passed  below  the  horizon;  its  light  is 
refracted  as  it  enters  the  air  at  e,  and  the  observer  at  d  sees  it  as 
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longh  fll  h.     Liglil  from  the  biiii  is,  Uierefore,  l)rought  to  us  bj 

rel'ruction  as  twilight  aftur  that  lumitmry  hnn  disuppfiirt'd  bt'low 

the  real  horizon.    The  same  happens  in  early  morning,  and  be 

appears  before  the  horizon  has  actually  beeu  reached.     Thus 

I  the  day  is  lengtlicncd  a  little  morning  and  evening. 

In  thu  figure  the  liuesdTrtf  e  are  arawn  as  though  straight. 
This  is  not  actually  the  case.  The  layers  of  air  nearest  the  earth 
are  the  densest,  consequently  the  refraction  there  is  greatest, 
and  the  light  tbllows  a  curved  course. 

I  Since  some  objects  on  the  earth's  surface  absorb  the  sun's  ra}'B 
more  readily  than  others,  they  are,  consequently,  warmer.  From 
their  surfaces  upward  currents  of  heated  gas  are  rising.  These 
being  lighter  than  other  portions  of  air,  have  a  dittcreut  refrac- 
tive power;  in  addition,  they  are  continually  in  inotion;  aud  so 
media  ol  variable  powers  of  refraction  are  continual!}"  passing 
between  the  eye  and  distant  objects.  The  result  is  continual 
chati|ce  in  positions,  which  f^ves  to  them  the  appearance  of 
dancing.  The  same  etfect  is  caused  when  we  view  anything 
liirough  air  rising  from  the  surface  of  a  hot  etove. 

In  the  phenomenon  known  as  mirage,  inverted  images  of 
distant  objects  appear  to  travellers  on  deserts,  as  though  re- 
flected from  a  surface  of  tranquil  water.  The  e.\planattou  of 
this,  as  given  by  l>r.  Arnott,  is  as  follows:  "The  RlrntJi  of  air 
immediately  above  the  heated  sandy  soil,  are  greatly  expanded 
and  rarer  than  the  titrata  above  them,  which,  in  spite  of  the  law 
of  diflusiou,  remain  denser.  Rays  of  light  proceeding  from 
objects  in  a  direction  a  little  above  the  level  of  the  earth,  and 
nearly  parallel  to  it,  meet  the  heated  and  rarer  strata  at  a  very 
obtuse  angle.  They  take  the  eonrse  of  a  curve  as  the  result  of 
gradual  refraction,  until  at  length  the  angle  of  incidence,  which 
goes  on  increasing,  reaches  the  point  at  which  refraction  is 
changed  into  reflection,  and  the 
rays  meet  the  eye  of  the  spectator  J'*"-  217- 

as  if  proceediug  from  an   object  1'      S' 

below  the  level  of  the  earth.  This 
gives  to  it  the  appearance  as  if  it 
was  reflected  from  the  surface  of 
water." 

Mirage  et?ectsare  not  confined  to 
hot  climates,  they  have  been  noticed 
by  Arctic  navigators  at  high  lati- 
tudes. 


5  N 
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496.  Media  with  Parallel  Sorfaees. 
— When  a  ray  iuipiiigc»  at  a  right 
angle,  N  T,  upon  a  ntedium,  the 
surfaces  of  which  are  parallel,  it  passes  through  without  change 
of  direction.    IS  at  an  angle,  as  o  1.  it  is  bent  towards  N  I  on 
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entcriug;  and  on  emerging  into  the  less  refractive  substance,  it 
is  bent  "from  the  normarN',  and  the  emergent  ray  R  S'  is  parallel 
to  the  continued  incident  ra^'  S  I.  . 

497.  The  Prism  can  be  made  of  any  solid  or  liquid  substance 
which  ia  transparent.  The  material  usually  employed  is  glase, 
but  liquids  possessing  great  refractive  power,  as  bisulphide  of 
carbon,  are  frequently  used.  The  form  generally  adopted  iB 
that  of  a  wedge,  or  column,  a  section  of  which  is  an  equilateral 
triangle,  as  at  A  B  C,  Fig.  218.    In  such  sections  A  is  spoken 


of  as  the  summit  or  apex,  and  B  C  the  base.  The  line  of  meet- 
ing, A,  of  the  two  faces  represented  edgewise  at  A  B  and  A  C, 
is  culled  the  e<{(f€.  Any  section  perpendicular  to  this  is  called 
a  principal  section.  If  perpendiculars  be  drawn  from  each  side  to 
the  opposite  angle  of  the  triangle,  forming  a  principal  section  of 
an  equilateral  prism,  they  nil  meet  at  a  point  called  its  centre. 
A  line  drawn  through  this  perpendicularly  to  a  principal  sectiou, 
is  its  axis.  When  a  fluid  is  used,  a  cell  of  the  form  in  question, 
made  of  clear  glass,  is  tilled  therewitli. 

From  a  purely  optical  point  of  view,  only  the  two  plane  faces 
forming  the  edge  are  considered.  The  angle  embraced  between 
these  is  cuUlmI  the  refractinq  mujle.  An  equilateral  prism  is, 
thert'fore,  called  a  prism  of  sixty  degrees,  since  that  is  its  re- 
fracting angle. 

498.  Track  of  £ay  in  Prism.  Angle  of  Deviation. — With  varia- 
tion in  the  angle  of  ineidenee,  made  by  the  ray  and  the  surface 
of  the  prism  upon  which  it  ini[)ingcs,  tlie  track  through  the  prism 
will  also  vary.  It  may  be  made  to  undergo  reflection  at  the 
second  face,  and  emerge  at  the  third.  To  avoid  ambiguity  we 
shall,  therefore,  confine  our  cxplainition  to  what  takes  place 
when  it  is  in  the  best  position. 

In  Fig.  218,  ABC  represents  a  principal  section  of  a  prism 
of  sixty  degrees,  S  I  is  an  incident  ray  falling  upon  the  face 
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A  B,  and  making  the  angle  of  incidence  S  1 2?  with  the  normal 
K.  Passing  from  air  into  glass,  it  is  bent  towards  the  normul 
I  M,  drawn  therein,  and  tlie  angle  of  refraction  r  is  less  than 
tbe  angle  of  incidence  (.  Impniging  upon  the  opposite  face 
A  C,  it  is  again  refracted  on  emerging,  and  follows  the  direction 
R.  and  ibe  Buglc  of  refraction  /'  is  greater  than  the  anjrle  of  in- 
cidence r',  according  to  the  law  lor  passing  from  a  highly  re- 
fracting medium  to  one  of  less  power. 

If  the  ineidcnt  light  S  I  is  a  beam  of  Bunlight,  while  the  prism 
does  not  interfere,  the  image  ie  produced  at  8',  Ibe  prolongation 
of  S  I.  When  the  prism  is  intervened  and  properly  adjusted, 
the  light  on  emerging  takoB  tbo  direction  K.  It  baii  boon 
changed  or  deviated  from  its  course.  To  measure  the  extent  of 
this,  the  line  of  refraction  R  is  prolonged  until  ii  intersects  the 
line  of  incidence  S  S'  at  0,  when  the  angle  D  represents  the 
angle  of  deritidon. 

From  this  it  is  obvious  that  a  ray  of  light  in  its  paasage 
through  a  prism  is  deviated  or  deflected  towards  its  base. 

499.  Hinimam  Beviation.  —  Suppose  a  beam  of  suniiglit  be 
directed  in.-ro,-;s  ii  room  by  the  mirror  of  a  helioatut,  it  torma  a 
spot  of  light  or  image  of  the  sun  ou  the  opposite  wall.  If  it  is 
caught  upon  an  eqnilateral  priflm,  held  with  itii  axtti  vortical, 
ami  rotated  thereon,  the  spot  of  white  light  will  disappear,  and 
iu  its  place  a  cotorud  elougated  image  is  jnoduced.  llie  direc- 
tion in  which  this  is  formed  nhowB  that  tbe  light  on  emerging 
troni  the  prism  is  deviated  towards  its  base. 

Kotating  the  prism  upon  its  axis,  the  angle  of  incidence  di- 
minishes, the  colored  image  moving  along  the  wall  nearer  to  the 
original  location  of  the  spot.  Continuing  the  rotation,  a  point 
in  hnally  reached  at  which  the  image  begins  to  recede  from  this 
position.  There  is,  therefore,  a  particular  angle  of  deviation 
at  which  the  colored  Image  is  nearest  to  the  origimd  line  of 
light  from  the  helioatat  mirror.  Tliis  deviation  being  less  than 
in  any  other  case,  it  is  called  the  angle  of  minmum  deviation.  It 
is  to  this  angle  that  a  prism  must  be  set  when  used  for  spectrum 
work. 

Iu  Fig.  218,  the  prism  is  shown  in  its  position  of  minimum 
deviation.  The  slightest  rotation  upon  its  axis,  to  right  or 
Left,  causes  the  image  to  undergo  greater  deviation,  and  ap- 
proach C.  It  will  Ik!  noticed  that  the  angles  of  incidence  i  and 
emergetice  j',  under  the  adjustment  of  minimum  deviation^  are 
etjual. 

8ince  rays  of  diflerent  colors  vary  as  regards  their  refrangi- 
bilitv,  it  is  necessary  to  set  the  prism  for  the  minimum  deviation 
of  the  ray  iu  which  work  is  done,  when  great  accuracy  is 
den  red. 
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SOO.  Beflecting  Prisms. — The  principle  of  total  reflection  (494) 
is  applied  in  many  optical  instruments.     The  eimplest  example 

is  ottered  by  prisms  which  present  a 

F"o-  219.  right  angle  in  their  principal  section. 

Ah.  Let  ABC  represent  a  principal 

j^t  mbuM  0'    section  of  a  glass  prism,  and  0  a  ray 

^H     *"" — ^^K" incident  to  the  surface  C  B.     Since 

W^S^L.  '*■  ^*  normal  or  perpendicular  to  this, 

Qoaaami^Q        it  enters  without  being  refracted  and 
qI*  impinges  upon  the  hypothenuse  A  B 

Btgt.t.i>giei>ri<m.  at  H.     The  angle  formed  by  0  H 

with  a  normal  to  A  B  is  45*.  The 
critical  angle  for  glass  (494)  is  41*'  48' ;  the  ray  O  H,  therefore, 
undergoes  total  reflection,  and  passes  out  of  the  third  face  of  the 
prism  m  the  line  A  T,  as  indicated.  The  eye  consequently  per- 
ceives the  object  0  in  the  position  0'. 


CHAPTER   XXI. 

COMPOSITION   OP    LIGHT. 

The  priBmatic  ^•pect^uln — Normal  dispersion — Abnormal  dispersion — Spectrum 
colors  ure  simple,  nnd  of  different  refningibility — The  rainbow — Newton's 
theory  of  composition  of  white  light — Recomposition  of  white  li^ht — The 
aehromiitic  prism — Heat  in  prismatic  spectrum — Chemical  action  in  prismatic 
spectrum — Maxima  of  energies  in  prismatic  spectrum — Light,  heat,  and 
chemical  action  are  modes  of  vibration. 

501.  The  Prismatic  Spectrum. — In  discussing  the  action  of  a 
prism  in  the  preceding  chapter,  it  is  stated  that  after  light  has 
passed  through,  it  is  no  longer  white,  but  forms  a  colored  elon- 
gated image  upon  the  screen.  This  image  is  called  the  prismatic 
speciriim. 

For  study  of  the  spectrum,  the  following  method  and  arrange- 
ment, Fig.  220,  may  be  adopted.  Admit  a  beam  of  sunlight 
tlirougli  u  horizontal  narrow  slit  in  tlie  shutter  of  a  dark  room 
at  A  (a  parallel  beam  from  an  oxycalcium  lantern  may  be  substi- 
tuted). The  line  A  X  then  represents  its  track  until  it  falls 
upon  the  screen  X.  Intervene  the  prism  P  with  its  edge  down- 
wards. Revolve  it  upon  its  axis  until  the  centre  of  the  colored 
image  formed  on  the  screen  is  brought  as  near  as  possible  to  X, 
the  original  line  of  liglit.     It  is  then  atljusted  to  the  angle  of 
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TDinimum  doviation  for  tbe  central  part  of  the  Bp«ctruai.     Sub- 
mitting this  to  close  inspection,  we  find: 

let.  That  it  prtjsenta  an  infinite  number  of  tints  %vTiich  grad- 
iintly  merge  into  each  other.     For  convenience,  seven  of  those 


I 


Fia.  220. 
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Jhaifetrtum. 

wei!«  selected  by  Newton  and  Bpoken  of  as  the  seven  primilive 
eciorSf  viz.,  vioUt,  indigo,  hltte,  green,  yeUow,  orange,  red, 

2d.  The  order  in  wliit:li  the  colors  are  arranged  is  that  given  ; 
tbe  violet  being  deviated  the  most  from  tbe  original  course  of 
light,  and  the  red  the  least  The  deviation  of  the  others  is  in- 
termediate between  these. 

50S.  Normal  Dispersion. — The  spectrum  presents  a  certain 
length  froni  the  violet  lo  the  red;  this  spreading  out  of  light, 
andits  separation  into  different  colors,  is  called  dispersion.  Its 
extent  is  measured  by  the  angle  of  sei^aration  of  any  two  rave, 
t.  g.,  red  and  violet.  In  Fig.  220  this  is  represented  by  R  P  V. 
Its  ratio  to  the  mean  deviation  of  the  two  raya  is  called  the 
dispersive  power.  It  is  couBtaiit  for  any  given  medium,  while  tbe 
refracting  angle  is  small.  The  dispersive  power  of  different 
substances  varies  greatly,  flint  glass  having  nearly  double  that  of 
crown  gloss. 

In  colored  artificial  lights,  the  spectrum  differs  from  that  of 
tlie  sun,  the  intennity  of  some  colors  being  diminished.  Tbe 
color  which  predominates  in  the  flnme  is  tbe  chief  in  the  spec- 
trum. Sometimes  a  portion  of  the  solar  spectrum  colors  are 
wanting  in  Hamcs. 

All  media  which  give  spectra  in  which  the  colors  are  in  the 
onler  stated,  are  said  to  protluce  nornuU  dispersion. 

If  theiiglit  which  has  paased  through  one  prism  he  received 
upon  u  seeund.  placed  lo  increase  the  deviation  in  the  same 
direction  as  that  produced  by  the  lirsf,  tbe  diflpcrsion  or  increase 
in  the  length  of  the  spectrum  \\\\\  be  augmented  in  a  similar 
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ratio.    Thus  by  using  a  number  of  prismB,  all  acting;  in  the  same 
direction,  dispersion  maj*  be  increaaed  to  any  required  degree. 

503.  Abnormal  SiBpersion. — Certain  solutions,  as  indigo  and 
permanganate  of  potassa,  give  spectra  in  which  the  order  of 
colors  is  not  the  same  as  in  normal  dispersion.  If,  for  example, 
a  hollow  glass  prism  be  tilled  with  an  alcoholic  solation  of 
fuchsine,  the  following  spectrum  results:  violet  is  least  deviated; 
then  red,  and  yellow  the  most  Kundt  has  found  that  all  sub- 
stances with  surface  color  exhibit  abnormal  dispersion  when  con- 
verted into  optical  prisms. 

504.  Speotrum  GoIotb  are  Simple  and  of  Different  Be&ai^bilitf. 

— White  light  having  been  decomposed  by  a  prism,  the  queation 
arises;  What  will  occur  if  each  of  the  seven  colors  be  passed 
through  a  second  prism?  In  Fig.  220  the  experimental  exami- 
nation of  this  proposition  is  delineated  In  the  screen  on  which 
the  spectrum  is  formed  an  opening  is  made.  This  is  adjusted 
to  allow  the  red  ray  to  pass  through  the  perforation,  it  then  im- 
pinges upon  a  second  prism,  P',  placed  as  the  first,  edge  down- 
wards. The  ray  is  again  deviated  or  refracted,  but  no  further 
decomposition  of  light  takes  place.  Changing  the  position  of 
the  prism  until  the  ray  is  refracted  downwards,  sideways,  or  in 
any  other  direction,  the  color  remains  unaltered.  We,  there- 
fore, conclude  that  in  decomposition  of  light  by  a  prism,  since 
each  color  undergoes  no  change  but  that  of  deviation,  the  colors 
produced  in  the  jprismatic  spectrum  are  simple. 

The  formation  of  the  prismatic  spectrum  is,  in  itself,  an  evi- 
dence that  the  rays  of  different  colors  possess  varying  degrees 
of  refrangibility,  otherwise  they  would   not  undergo  dift'erent 
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degrees  of  deviation.     Many  additional  facts  might  be  cited  in 
demonstration  of  this  :  the  following  will  answer  our  purpose. 

If  a  series  of  small  squares,  V  IB  G  Y  O  R,  representing 
the  seven  colors  of  the  spectrum,  are  arranged  in  order,  as  at  m  tt, 
and  viewed  through  a.  prism  held  with'edge  parallel  to  the  row, 
the  violet  will  be  displaced  the  most,  the  red  the  least,  while  the 
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intcrmedtftte  colors  form  a  sorJee  of  steps  between  the  two  08 
Kt  M  S. 

In  auotliur  expyriinout  contrived  by^ewtoi],  tlie  light  ae  it 
^tiicrges  from  a  prism  adjusted  to  give  a  verttoal  Bpectruni,  is 
Bbrcea  to  pass  through  iinoihor,  the  edge  of  which  is  vertical,  or 
at  rijrht  uiiglea  to  thai  of  t}ie  first.  Thus  treated,  the  wpectrum 
changes,  it  moves  to  one  side,  being  deviated  towards  the  base 
of  the  second  prism.  The  spectrum  is  no  longer  vcrtiual,  nor 
hnrir/onial,  but  takes  an  ineliQed  or  oblique  position,  the  violet 
being  refrocled  the  moel,  the  other  colors  iu  their  order,  and  the 
red  the  least. 

In  the  fignre  the  manner  of  nhange  is  exhibited,  mn  being  the 

spectrum  as  formed  by  the  tirutt  prism,  M  N  the  poHition  when 

it  ha?  passed  tbrongh  both,  the  violei  rav  V  being  refracted  the 

Kpost.the  yellow  ray  Y  intermediately,  and  the  red  ray  R  the  least. 

505.  The  Bainbow. — This,  one  of  the  most  irilcreating  of  natu- 
KbI  pbeiiomena,  ia  the  result  of  decomposition  of  light  by  refrae- 
|non  in  droiM*  of  water.  It  is  only  visible  when  tlio  nun  is  shin- 
ing. It,  therefore,  appears  when  it  emerges  from  the  clouds 
—jnrhile  it  is  still  raining  in  the  vicinity,  or  when  sunliglit  titlls 
Kpon  spray  produced  by  waterfalls,  fountains,  or  mists. 

Sometimes  more  than  one  bow  is  seen;  in  all  cases  a  line 
jf)intng  the  observer  and  the  sun  is  the  axis  of  the  bow  or  bowa. 
The  track  of  the  rays  of  light  in 
tln.ips  of  water  in  llio  formation  of 
a  prinmry  bow  is  shown   in    Fig. 
222.     The  solar  rav  B  t  falling  on 
a  drop  of  water  at  1^  is  refracted  to 
^L,  there  it  undergoes  total  rctlec* 
Kon,  passes  to  I',  where  it  is  again 
refracted,  and  emerges  in  the  direc- 
tion r  .Vr.     In  Ibis  case  it  is  sub- 
mitted to  two  refractions,  and  one 
reflection ;    in   the  secondary  bow. 
It  ia  refracted  twice,  and  retlected 
Bfrice. 


Fio.  22S. 


506.  Kewtoa'8  Theory  of  Composi-  i-rtawqrWv. 

tion of  White  Light. Slaving  broken 

up  while  light  into  a  numlier  of  different  colored  rays  by  aid  of 
the  prism,  Newton  promulgated  his  theory  of  the  composition 
of  white  light,  brieHy  stated  as  follows,  white  light  is  made 
up  of  seven  colors  of  urietjual  refrangihility,  these  are  called  sit/i- 
jne  or  primiCtre  Ughh.  The  variation  in  their  refrangibilit}-  is  the 
cause  of  their  separation  in  traversing  a  prism. 

In  chemistry  the  cOmpoHttion  of  a  body  is  deraonstrutod  ia 

2S 


4S4 


OPTICS. 


two  ways:  let,  by  analvfiis ;  2d,  by  synthesis.  In  atialjsis  tfa« 
constituents  of  the  hotly  are  found  by  separating  tliem  from 
each  other,  or  decomposing  the  body.  By  an  electric  cnrreut 
water  is  separatud  into  oxygen  ond  hydrogen,  and  we  say  ve 
have  demonstrated  its  composition  by  imaiyms,  derived  from  two 
Greek  words  signifying  to  loosen  or  separato  from  one  another. 
ITaving  proved  the  existence  of  those  two  constituents  in  water, 
and  the  proportions  in  which  they  are  present  by  aoalyais,  we 
take  the  two  sub«tance.s,  oxygen  and  hvdrogeu,  in  the  propor 
tions  found,  and  by  applying  a  spark  determine  whether  thej 
will  unite  without  any  remainder  of  either  body.  Actually  per- 
forming the  experiment,  we  lin<l  they  do,  water  beingthe  rtunll. 
Hence  the  composition  of  water  having  been  delerinined  lijr 
uniting  its  constituents  in  proper  portione-,  wc  state  that  wa  have 
proved  its  conipoaition  by  stpUhesis,  also  derived  from  the  Greek 
and  BJijnifving  a  putting  together  of  constituents. 

In  (Tuconipoflinon  of  while  light  by  a  prism,  Newton  showed 
its  character  by  analysis.  If,  by  a  process  of  eynthesis,  it  shoald 
again  be  proved  to  be  compound,  its  true  nature  ie  demonstrated 
beyond  doubt. 

fi07.  Recomposition  of  White  Light. — 1st.  Let  a  ray  of  light  S 
be  received  upon  ii  prism  placed  edge  downwards,  as  in  Fig. 
22S,  and  adjusted  to  produce  a  spectrum,    The  usual  pheuomeoa 
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of  deviation  and  dippersion  will  appear  upon  a  screen  proper! 
Then  receive  the  ravs  from  the  first  upon  a  second 


placed. 

prism,  arranged  close  thereto,  with  edge  turned  tn  the  opposite 
directiori  or  upwards,  aa  in  Fig.  223.  The  spectrum  formed  by 
the  first  at  ance  disappears,  and  in  its  place  a  spot  of  white  light 
is  formed  upon  the  screen  in  the  direction  K,  parallel  to  the 
course  of  the  ray  incident  on  the  first  prism.  The  second, 
actingin  an  opposite  sense  to  the  first,  has  recompounded  while 
light  out  of  the  seven  prisnialit;  colors.  Its  compound  nature  ie 
tlius  demoustrated  bv  synthesis^  as  well  as  by  ofiolj/su. 

2d.  If  a  convex  lens  is  placed  to  receive  the  whole  of  the 
spectrum  formed  bv  a  prism,  the  dift'ercnt  colored  rays  are 
BUperiinposed  at  its  foeiis,  and  white  light  produced. 

Sd.  If  a  concave  niirrnr  ia  arranged  to  receive  all  parts  of  a 
spectrum,  white  light  is  formed  at  its  focus. 
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El  eeven  plane  mirror*  are  adjueted  to  receire  the  seven 
the  Bpcctrum,  and  their  onples  arranged  to  reflect  all 
the  colored  rays  to  tiie  same  spot,  white  lig-ht  is  the  prodoct. 

bth.  If  powders  representing  the  eevon  spectrum  colors  are 
ground  together  in  a  mortar,  a  ^rayi»h-wbite  mixture  is  ob- 
tained. The  resultant  color  is  Dot  aa  perfect  aa  in  the  preceding, 
since  the  colors  of  powders  are  not  an  pure  aa  those  of  the 
spectrom, 

6tb.  ]iy  the  device  of  Newton'e  disk,  another  d onions t ration 

of  the  recom position  of  while  light  ia  obtained.    It  consista  of  a 

circular  card,  to  which  rapid  rotation  may  be  imparted  by  euit- 

able  niechani»m  (519).     h  pon  its  face  the  seven  spectrum  colors 

are  painted,  each  color  oceupving  a  apace  extending  from  the 

centre  to  the  circumference.     When  rapid  rotation  is  given,  the 

colors  disappear,  and  it  sevmij  to  be  of  a  uniform  light-gray  tint. 

_^Tbe  rotation  causes  the  impressions  of  the  colors  to  overlap 

■•ach  other  on  the  retina,  and  their  actions  are  combined,  as  with 

Hihe  powders,  and  the  effect  of  white  light  produced. 

V    7tn.  Oy  imparting  a  rapid  oscillatory  movement  to  tlie  prism, 

the  colors  of  its  spectrum  overlap,  and  reproduce  white  light  in 

tlie  central  parts  of  the  spectral  image. 

SOB.  The  Aohromatio  Priam. — In  the  iirst  experiment  showing 
composition  of  white  li^ht  by  (synthesis,  the  second  prism  was 
similar  in  all  retipectii  to  the  lii-st,  both  as  regards  material  and 
angles.  Under  these  conditions  the  course  of  the  ray  as  it 
emerges  from  the  second  is  parallel  to  that  of  the  incident  ray 
on  the  first.  The  two  taken  together  have  acted  like  a  single 
block  of  glaw  in  which  the  iturfacea  are  parallel,  and  there  is  no 
refraction  other  than  that  c-ausud  by  a  medium  witli  parallel  faces. 

If  in  place  of  pri&ms  of  the  same,  those  of  different  nmleriala 
are  employed,  in  which  the  indices  of  refraction  and  dispersive 
powers  are  unlike,  wc  may  by  a  suitable  ai^ustmcnt  of  angles 
province  one  which  wilt  refract  a  beam  of  light  to  a  considerable 
extent,  and  at  the  same  time  give  a  colorleas 
or  achromatic  image.  Crown  and  flint  glass 
furnish  media  having  these  properties  (502). 

In  Kig.  224.  let  U  C  F  represent  the  aeo- 
tion  of  a  crown-glass  prism,  and  C  l>  V 
another  of  the  same  material.  The  two 
acting  together  would  have  the  effect  of 
one,  A  B  F,  and  the  emergent  beam  would 
show  refraction  and  disperKion,  and  form 
a  spectrum. 

Then,  suppose  the  second  prism,  C  D  F,  is  made  of  Bint  instead 
uf  crown  glass.  The  dispersion  of  the  Hrst  is  now  ncutraliEed, 
while  ite  refraction  is  but  slightly  altered.    The  emergent  ray 
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E  0  passes  out  of  the  second  still  refracted,  but  without  dUper- 
eiotif  and  gives  upon  the  screen  a  white  spot  or  itna^e  of  tbe 
sun.     To  snch  apparatus  the  name  o(  achromatic  prism  is  given. 

509.  Beat  in  Prismatic  Spectrum. — T^et  the  central  portios, 
V I B  G  Y  O  It,  Fig.  22d,  represent  the  colors  of  a  solar  «peo- 
trum  formed  d^'  a  prism.  lierechel  discovered 
that  if  it  fell  upon  blackened  paper  moisteiied 
with  water,  the  surface  it  covered  driud  more 
rapidly  than  the  surrounding^  parts,  and  thus  an 
image  of  the  spectrum  was  produced.  Close  in- 
spection showed,  in  addition,  that  dr_)ingbceiin  in 
the  lower  part  of  the  red,  and  spread  g;raduiilij 
upwards  to  the  violet.  At  the  same  time  it  did 
not  stop  in  the  red,  but  extended  to  a  oon«de^ 
able  distance  below. 

Ifrom  this  it  is  evident:  1st,  that  the  prismatic 
spectrum  contains  heat  as  well  us  light;  ^,  that 
the  heat  spectrum  extends  jar  below  the  visible 
<»r  light  spectrum;  niiil.Sd,  that  tho  lii>at  or  caloric 
rays  in  tjunlightare  lessretrangiblc  lliau  luniincns 
rays. 
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510.  Chemical  Action  in  Priimatio  Spectmm.— For 
blackened  ]>aper,  suhftitute  a  surhico  coated  witJi 
chloride,  or  other  compoun<l  of  3ilv*.-r  ctL-nsitive  to 
light.  Sbield  it  from  tight,  except  thnt  part  upon 
which  tlic  spectrum  falls.  The  )Hiriion  oc-cupied 
by  the  violet  will  soon  darken,  and  the  sombre 
hue  will  gradually  extend  through  the  indigo  and 
blue;  at  toe  same  time  it  will  pa^s  beyond  tbe  vio- 
let into  the  region  indicated  a»  chemical,  Fig.  225. 
It  is,  therefore,  evident:  Ist.  Tlial  the  prismatic 
spectrum  contains  rays  capable  of  producing  chemical  action. as 
well  as  boat  and  light ;  2d.  As  with  heat  rays,  the  chrmical  or 
aclinic  extend  beyond  the  luminous,  in  the  region  of  the  t'iolet. 
The  diHtance  beyond  the  violet  to  which  they  may  be  detected 
is  greater  than  thnt  of  the  heat  rays  which  extend  beyond  the 
re(f;    3d,  Chemical  are  more  refrangible  than  light  rays. 

The  atatcuienti;  made  regarding  the  position  of  the  stain  or 
darkening  by  chemical  action,  must  be  understood  as  being  the 
efteot  of  tlie'speclruni  upon  sensitive  silver  compounds.  Other 
bodies  which  undergo  change  under  the  action  of  light  are  more 
readily  altected  in  other  regions  of  the  spectrum. 

511.  Maxima  of  Energies  in  Prismatic  Spectrum. — If  fine  writing 
is  placed  in  the  spectrum,  it  can  be  read  with  greater  facility 
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and  distinctness  in  iho  yollow  than  lii  any  other  region.  We, 
therefore,  conclude,  that  for  the  eye  yellow  has  a  greater  in- 
teDBity  of  action  than  other  colors,  and  the  inaxiinum  strength 
)f  the  light  energy  of  a  H[iectriini  Ih  in  the  yellow. 

For  the  heat  energy  of  the  prismatic  spectrum  there  le  like- 
wise a  position  of  luiixirnum  action.  Tliie  ia  in  the  lo\vcr  part 
of  the  red,  or  Just  below  it,  as  is  shown  by  Herechel's  experi- 
'incnt,  or  by  direct  nieasureniciit  with  a  thermo-electncappamlue. 
Chemical  energy,  in  like  manner,  gives  a  position  of  maxinnim 
intensity,  which  for  silver  salts  is  in  the  violet.  The  place  of 
the  chemical  maximum  varies  in  diti'erent  eompuunde.  As 
silver  salt.^  arc  usually  employed  in  photographic  operations 
there  is  a  practical  reason  why  it  is  given  for  these  substances. 

Mi,  Light,  Heat,  and  Chemjcal  Action  are  Modes  of  Vibration. — 
In  discusMng  theorifta  of  light,  it  is  obvious  tliat  modern  physi- 
cistB  believe  it  ia  a  form  of  energy,  which,  originating  in  vibra. 
tionn  of  molecules  of  a  Uiniinuus  body,  ia  traiisntitted  to  us  as 
undulations   in  the  ether.     Since   tlio   spoctrnin    also  presenta 

^Uonc,  and  heAt  energy,  which  acconipany  light  in  its  trans- 
knission,  rellection,  retraction,  and  diS'er  from  it  chiefly  as  re- 
gards the  degree  in  which  they  act  towards  media  in  these 
respects,  we  conclude,  that  as  light  originates  in  vibrations  of 
molecules,  so  also  do  heat  and  chemical  energy. 


CUATTEK    XXII. 
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IHonochrotnAlic  light— Color  ot  op«qu«  bodlM.     Pigment*— lrid<>sc*n«— Color 
r        of  tnnjipareiit  bodiM— Colomif  mixM  pon-dcn— Mixturei  of  colnrod  lights 
f        ^)f«lbwl*  of  inixinK  colorvd  llj^hta — CVtu  piemen  la  ly  cu1cir»— Til?  primary 
colvr  Mniatiuiu — Awldenul   oolm   Iran^ei — Color   blindneii — Color  ud 
anttskal  pilch. 
513.  Vonoehromatic  Light — Flames  like  sunlight  present  a 
c<nubinalioii  of  colorx,  as  shown  on  examination  with  a  prism. 

•It  uveasiotially  huppeuH  that  a  phyt^ieal  or  physiological  research 
requires  a  einiple  light  of  special  tint,     wliere  convenient,  it 
may  be  obtained  by  a  prism,  the  required  color  being  passed 
^through  AD  opening  in  a  screen,  as  in  (301). 
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It  may  also  he  prepared  by  the  use  of  monochromatic  fiam«; 
or  bypassing  white  light  through  colored  glass,  or  through  trane- 
paront  celle  tilled  witli  certain  solutions. 

For  many  purposes  a  yellow  light  is  necesaary.  This  nuiyb« 
formed  by  placing  a  platinum  loop  armed  with  carbonate  or 
other  compound  of  Bodiiim  in  a  Buusen  flame,  which  give* « 
pure  bright  yellow  light. 

A  blue  light,  such  iis  that  required  in  microscope  photographr 
to  secure  coincidence  of  visual  and  chemical  focua,  is  oblainw 
by  the  use  of  a  glass  cell  with  parallel  sides  filled  with  a  solotioQ 
of  amnionio-sulphatc  of  copper  made  by  adding  atjua  ammoniii 
to  a  Hult>hatu  of  copper  solutJou  until  the  blue  prvcipitat«  tt 
dJBsolven. 

A  nearly  pure  red  may  be  formed  by  filling  the  cell  with 
solution  of  sulpho-cyanide  of  iron.    Agood  red  is  also  prepi    " 
by  staining  glass  with  suboxide  of  copper.     For  some  purp 
a  red  flame  is  produced  by  introducing  a  platinum  wire  armed 
with  chloride  of  strontium  into  a  Bunson  flame. 

M4.  Coloi  of  Opaqa«  Bodies.  Pigments. — When  a  spi^Lrotn  i 
caused  to  fall  upon  variously  culoroil  hodiefl,  they  only  appear 
of  their  true  tint  when  placed  in  the  same  color.  lu  the  other 
parts  they  arc  dark  or  Itlack.  The  reason  of  this  is,  that  ihey 
only  reflect  the  color  which  is  of  tlieir  natural  tint,  all  othen 
being  absorbed.  The  proper  material  for  a  screen  is,  therefore, 
white,  which  reflects  all  colors. 

Monochromatic  flames  or  other  similar  lights  produce  like 
results.  By  the  light  of  the  sodium  flame,  the  liuniari  coun- 
tenance takes  on  a  ghastly  appearance,  only  the  yoUow  being 
refl.ected,  while  the  red  tints  are  lost  or  suppressed  and  appear 
dark. 

The  experiment  detailed,  in  which  a  substance  of  a  giveu 
color  reflects  spectrum  light  of  its  own  tint  succeeds  only  in 
white  light.  Take  blue,  for  example:  when  white  light  falls 
Upon  a  surface  which  appears  blue,  though  the  seven  primitive 
oolor»  are  present  in  the  incident  light,  the  blue  alone  is  re- 
flected, and  the  body  appears  of  the  tint  of  the  light  it  reflects. 
All  the  rest  are  absorbed,  and  converted  into  some  other  form 
of  energy,  or  they  may  he  tnuiBniitted. 

The  color  of  pigmente  and  other  opaque  substances,  therefore, 
arises  from  the  surface  dcconiposition  of  white  light  by  refloo- 
tion,  Bomettmes  one,  but  more  frequently  a  greater  number  of 
colors  are  thrown  back,  and  thus  the  various  grades  are  pro- 
duced. The  character  and  composition  of  the  reflected  hght 
TDay  be  determined  bj-  exaniination  with  a  prism. 

S16.  Iridescence. — In  tJiis  there  is  a  play  of  various  colors  of 
brilliant  haea.    Green,  blue,  and  red  tints  rivalling  thoae  of  the 
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lar  Bpeptnim  in  splendor,  are  iissociated  with  many  natural 
objects  ;  a«,  fur  example,  the  foathoi-e  of  iiuniei-ous  Bpeciee  of 
tropical  binle.  Often,  as  in  the  humminc;  bird,  those  miderffo 
change  with  slight  alteration  in  the  angle  of  incidence  of  the 
light  The  same  is  also  seen  in  the  nacreous  or  pearly  mattor 
liDiDg  certain  shells,  as  the  earahell  or  haliotiH.  Thette  colors 
are  produced  by  decomposition  of  light  by  ruled  surfaces. 

In  other  instanccB,  iridescence  is  developed  by  tliin  films,  the 
lur&ces  of  which  are  in  close  approximation  to  each  other.    An 

(example  uf  this  irt  found  in  very  thiii  mica,  also  in  soap  bubbloe, 
or  where  oil  is  diffused  over  water.  Here  again  light  undergoes 
what  might  be  called  a  upectrum  decompoHitiou  or  dispertp'ioa, 
like  that  in  ruled  surfauea;  different  folori?  apjKfannu;  accnrding 
w  the  angle  of  incidence  upon  the  film  is  changed. 

Iridescence  is  seen  even  in  the  abseuce  of  tenuous  films  of 
solid  or  liquid  matter,  like  glass  blown  exceedingly  thin,  or 
a  soap  bubole  expanded  to  the  point  of  bursting.  In  cracks 
or  crevices  in  the  interior  of  glaHB  and  other  transparent  bodioR, 

I  the  most   briliiant    colors  otton    appear.     In  many  such   cases 

'there  is  no  air  ])resent.  The  decompusition  of  light,  there- 
fore, takes  place  in  vacuo,  between  the  walls  of  the  fissure. 
Newton  made  a  special  examination  of  these  phenomena,  in 
connection  with  the  formation  of  rings  between    convex  and 

i  parallel  aurfiicca,  which  we  shall  study  later  on  in  connection 
with  interference,  when  it  will  be  seen  how  etronglv  all  the 
facts  connected  with  IrideHccnce,  and  the  production  o^  color  by 

I  polarization,  support  the  undulatory  or  wave.theory  of  light 

016.  Color  of  Transparent  Bodies. — The  color  ot  a  transparent 
body  is  owhig  to  the  decomposition  of  light  by  absorption 
dunng  its  transmission.  Nothing  new  is  added  to  the  light, 
only  certain  of  the  colored  components  of  white  light  arc  stopped 
out.  According  to  their  Ihickiioas  the  tints  of  trunsparcril 
bodies  vary.  Solution  of  ehrnmium  chloride  appears  green  in 
thin  layers,  and  reddish-brown  when  tliick.  In  tuis,  ana  similar 
cases,  diHerent  colors  are  removed  by  selective  absorption,  the 
light  passed  being  the  sum  of  the  remaining  ravs  of  white 
light. 

When  glaifflca  of  different  tints  are  placed  behind  each  other, 
the  color  finally  traoamitted  consists  of  the  combination  of 
those  which  pass  both  glasses  freely.  The  final  color  is  not  the 
sum  of  those  of  the  glasses,  but  what  remains  when  these  are 
subtracted  from  white  light.  The  transmitted  tint  is  generally 
that  occupying  a  t^pace  in  the  t^peclriini  between  the  others.  So, 
if  ft  yellow  and  blue  are  used,  green  is  passed.  A  combination 
of  red  glasii  made  with  oxide  of  coj)per,  and  blue  or  violet  glass 
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of  equal  depth  of  tint  forms  a  medium  which  is  almoat  black 
or  opaque. 

When  substances  are  colored  by  trnnsmitted  li^ht,  the  re- 
maining rays  of  the  epectruiu  are  uot  always  absorbed,  aoijie- 
times  tney  are  reflected  from  the  fir^t  surface,  or  scattered  in 
tlie  interior.  An  alcoiiolic  iwlution  of  clilorophyle  appears  red 
by  reflected  light  or  wbeu  viewed  sideways,  and  green  when  ex- 
amined by  transmission.  These  are  called  dichroic.  Very  thin 
gold-leaf  exbibils  similar  properties,  being  yellow  by  reflecled, 
and  grecuish-binc  by  tranamitteU  lighL 

517.  ColorB  of  Kixed  Powders. — In  his  "Physiological  Optics," 
Helnilioltz.  savH:  In  colored  powders  each  particle  is  tone  re- 
garded as  a  minute  transparcut  substance,  which  colors  light 
by  selective  absorption  ;  tsiuce,  when  we  examine  thin  slices  of 
the  substance  of  which  they  are  formed,  they  are  seen  to  be 
transparent.  For  example,  verdigris  and  cobalt  gla»t^.  The 
light  reflected  from  the  ubsolute  surface  is  ot\en  nearlv  white, 
but  the  deeper  the  layer  from  which  reflection  takes  place  tbtf 
darker  is  the  tint;  hence  coarse  powdcre  ofagiven  material  are 
of  a  deeper  tint  than  thoae  which  are  very  tine. 

Reflection  from  the  surfaces  of  particles  is  weakened  if  they 
are  covered  with  a  fluid  having  nn  index  of  refraction  near  their 
own  instead  of  air.  A  liiyer  of  water,  and  still  more  oue  of 
highly  refracting  oil,  deepens  the  color. 

Since  light  reflected  by  powdci-s  conaists  of  that  from  their 
surfaces,  aud  from  diSevcut  depths,  it  follows,  that  in  mixtures 
of  powders  the  tirtal  tint,  ae  in  8uperpose<I  glass  plates,  repre- 
sents the  color*  of  white  light  which  have  not  been  removed  by 
absorption.  A  inixturu  ot  two  pigments  is,  therefore,  darker 
than  would  be  expected.  Vermilion  and  ultramarine  lights,  if 
mixed,  produce  a  purple;  but  a  combination  of  cidorlid  powders 
of  these  substances  producea  a  dark  gray,  with  scarcely  any 
purple,  since  each  of  these  pigments  is  almost  opaque  to  tbeligh'c 
reflected  by  the  other. 

M8.  Mixtures  of  Colored  Lig^hts. — Bv  this  we  mean  the  im- 
prewi«.nis  caused  wIilto  two  kirnls  of  light  liaving  different  rates 
of  vibration  fall  upon  the  sanic  part  of  the  retina  at  Uie  same 
time. 

Ill  the  case  of  sound  vihmtions  the  quality  of  tone  as  it 
affects  the  ear  differs  with  each  change  in  its  formation.  A 
given  quality  can  only  be  produced  by  one  set  of  fixed  condi- 
tions. In  the  case  of  colors,  on  the  contrary,  each  as  it  appears 
to  our  eyes  can  be  formed  by  a  great  variety  of  combinations. 
Ordinary  white  light,  for  exampTe,  is  composed  of  all  seven 
colors  of  the  spectrum,  but  white  light,  not  distinguishable 
from  this  by  the  eye,  may  be   made  by  taking  any  elementary 
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color,  from  the  extreme  red  to  Uie  yellowish-green,  and  com- 
bining it  in  proper  proportion  with  aiioUier  color  on  the  opposite 
ride  of  the  green.  Though  the  eye  cannot  detect  the  diilerence, 
it  is  discovered  at  onci>  on  iiiialyi^is  with  u  prism. 

919.  Methods  of  Mixing  Colored  Lig;bt«. — Uf  these  a  number 
arc  given  iu  Bcschaners  und  other  works  on  physics.  Our  Hpoce 
only  permits  a  brief  description  of  the  more  convenient,  which 
are  applied  to  other  purposes. 

PlQ.  22S. 


lloUitliiK  dUk 

The  first  is  known  as  the  method  by  Newton's  rotatine;  disk, 
[Fig.  226.  It  is  provided  with  a  series  of  paper  disks,  the  sur- 
faces divided  into  sectors.  On  one  of  these  the  sectors  are 
jMiintod  with  the  seven  colors  nf  the  spectrum,  as  described 
in  (507.  t>th).  On  the  other  disks  they  are  made  of  such  s\ze 
and  colors  iw  the  purposes  of  the  expcriineuter  require.  The 
manner  of  use  and  mode  of  action  have  been  described  in 
(507,  6th). 
A  second  method  is  represented  Fig.  227.  One  colored 
Ject,  say  a  blue  wafer,  is  placed  tit  b,  and  another,  a  green 
*jr,  at  p.  A  sheet  of  clear  glass  with 
parallel  faces  is  then  held  iu  the  posi- 
tion I*,  so  the  eye  at  O  sees  b  by  trans- 
niiasion  of  its  light  through  the  glass, 
and  ff  by  r<;flection  therefrom.  Tlie 
imprcftsiotifi  produced  by  the  two  colors 
arc  thus  mingled  upon  the  retina,  and 
the  desired  renult  obtained. 
H    Another  metho^l  is  by  forcing  two  or 
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more  spectra  to  overlap,  the  n^auhs  obtained  uiiiler  tlio^e  cir- 
cumstances are  the  sums  of  the  overlappiog  spectra.  WLeti 
these  are  projected  upon  a  screen,  beautiful  corabiDations  of 
color  may  lie  obtaineii. 

6S0.  Complementary  Colon  are  those  pairs  of  tiuta  which  giv« 
white  light  when  mingled  together.  According  to  Dcschanel, 
they  are : 

Rod  complftnt«tiUu;y  bi  Rlubb-^reen. 

Or»ng«  '•  •*       "  SkjWue. 

Tftllow  "  "       "  Violrt-Moe. 

Greoaith-yollow        ••  "       •■  VioteL 

Gi»Mi  "  "      "  Pink, 

In  the  caae  of  spectrum  colors,  the  HbI  ae  g;iveu  by  Ganot  id: 

Red  compliMnenlAr^  to  GK«nub>T«Uow. 

0[«Dg«  '■  '■       "   Pruwiau>blueL 

Yollow  "  "       ■'  Indl^-blue. 

OrMniali-rnllow         •'  "        •'  Vir>)«t. 


621.  The  Primary  Color  Senaations. — Though  seven  or  more 
colors  may  be  regarded  as  primary  foe  purposes  of  physic 
investigation,  they  cannot  all  b«  considered  aa  prhnart^  sensalio 
of  color.  According  to  Hrewfltor  there  are  three  primary  color 
sensations — rod,  yellow,  and  bloc.  According  to  \  oung.  Helm- 
holt/.,  and  most  niodeni  physicists,  they  are  red,  greeu.  and 
violet.     Thesie  are  calle<l/(WMW(fH^(//  roiarii. 

Recent  investigations  by  Ilering.  made  upon  a  pliysiological 
basis,  t«nd  to  u  different  result.  He  concludes  that  there  are 
four  primary  color  sensations  essentially  distinct  from  each 
other,  n;:.,  red,  yollow,  green,  and  blue.  These  are  moreover 
reducible  to  two  complementary  pairtt:  let,  red  and  green;  2d^^ 
yellow  and  blue.  Ilering  also  believes  that  "  complementar^H 
colors  are  the  result  of  opposite  actions  upon  the  reUna,  so  tliat  ' 
there  are  only  two  essentially  dl^itinct  color-affectiona  of  that 
organ,  which,  with  their  opposites,  produce  the  two  pairs  ot  i 
complementary  cctlors ;  the  one  with  its  opposite  produces  I'^^^J, 


and  green  ;  the  other  with  its  opposite,  yellow  and  blue. 


SS&.  Accidental  Color  Ima^s. — Atlcr  looking  steadily  for  some 
time  al  a  bright  color,  if  we  turn  the  line  of  vision  to  a  white 
wall,  an  image  of  the  colored  object  anpears  in  its  comple- 
mentary color.  This  is  explained  upon  the  hypothesis  that  the 
nerves  which  have  been  ntrongly  impressed  by  the  bright  color 
have  so  lost  their  Rcnsibility,  that  the  balance  of  action  required 
to  cause  the  sensation  of  white  is  lost,  and  those  factors  which 
have  not  been  exhausted  arc  more  strongly  impressed.  Ejut 
subjective  results  are  known  as  nf^ative  accidental  images. 
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Certain  curious  eficcts  of  contrast  mar  bo  explained  in  a 
Btrailar  manner.  If  white  paper  \s  viewed  upon  a  background 
of  strong  color,  inetead  of  white  it  ot\en  appears  of  a  color  com- 
plementary' to  the  background.  So  also  beams  of  sunshine 
passing?  into  a  room  through  yellowish  blinds,  produce  blue 
bands  when  the.v  fall  upon  a  white  surface  as  a  tablecloUi. 

SometimeH  when  a  painfully  bright  object  is  regarded  in- 
tensely, u  poaitive  act-idental  image  is  produced,  which  after  a 
little  is  fallowed  by  u  negative  or  cotnplemenliiry  iiuage.  These 
may  be  regarded  as  extreme  instanccB  of  persistence  of  im- 
pression. 

ASS.  Color-blindness  consists  in  tbe  want  of  the  elementary 
sensation  represcnniig  red.  Fereons  thus  affected  see  the  solar 
spoeiriim  as  two  siroiig  coloi-s  eonnticted  liy  a  white  or  gray 
band  near  the  Frauuhofer  line  F.  One  of  these  colors  is  prob- 
ably blue,  Its  maximum  is  midway  between  the  lines  F  and  G, 
and  it  reaches  beyond  G  to  the  limit  of  the  visible  spectrutn. 
The  other  color  extends  into  the  red  part  of  the  spectrum,  the 
maximum  being  midway  between  the  lines  D  and  K,  and  van- 
ishes wliere  crimson  ap|)ears  to  tbe  normal  eve.  The  scarlet 
probably  appears  to  the  color-blind  as  a  deep  dar^  green;  orange 
and  yellow  as  a  brighter  shade  of  the  aametint;  and  btuiw- 
green  is  nearly  white. 

From  a  consideration  of  these  facts  Dcschanel  concludes  that 
"what  is  called  color-blindness  should  rather  be  called  dichroif 
rtsfrtTi,  normal  vision  being  distinctly  designated  as  trichroic. 
To  the  diehroie  eye  any  color  can  be  matched  by  a  mixture  of 
yellow  and  blue,  and  a  match  can  be  made  between  any  three 
(instead  of  four)  given  colors.  Objects  which  have  the  same 
color  to  tbe  trichroic  eye  have  the  same  to  tbe  dicbroic  e^e." 

In  an  article  in  the  "Am.  Journal  of  Sciences  and  Arts,"  vol. 
xiii.  page  32,  Professor  Hood  says:  *'Tait  has  described  an 
intereating  ob8or\'aCion,  which  has  perhaps  some  bearing  on 
Thomas  ^  oung*8  theory  of  cnlnr.  While  Buttering  from  indis- 
position,  he  noticed  each  time  on  awakening  t'rom  a  feverish 
sleep,  that  the  llarne  of  a  lamp  seen  thrntigli  a  ground-glass 
shaoe,  assumed  a  deep-red  color,  the  effect  laatmg  about  a 
iKcond.  lie  suggeets  that  the  nerve  fibrils  in  the  retina  also 
partook  of  sleep,  and  on  awukcuirig  the  preen  and  violet  nerves 
resumed  their  lunctiou  somewhat  later  toan  the  red.  I  have  in 
my  own  case  noticed  some  inslanecs  which  seem  to  point  out 
that  after  a  nervaui  shock,  sudden  or  prolonged,  the  green  nerves 
(adopting  the  theory  of  Youni;)  recover  their  activity  later  than 
the  red,  and  probably  later  than  the  violet  nerves.  Tbe  firat 
observation  was  made  twenty  years  ago,  while  recovering  from 
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the  oifects  of  chloroftirm,  which  had  been  admin  istercd  by  ik 
<lcntist  well  known  at  that  time  in  Munich.  Upon  rcgainin? 
conseiousiitVM.  and  raisiuj^  my  tsyea  to  tlic  face  of  the  operator.! 
wna  a  little  surprised  at  not  having  previously  remarked  Lit 
unusually  ruddy  complexion,  but  the  next  instant  saw  that  thi 
wiis  due  to  an  optical  illusion,  for  hitt  huir  appeared  of  a  brigh' 
purpliab-red  hue.  The  einjfolnr  appeai*ance  la*ted  perhaps  a 
couple  of  seconds,  when  his  hair  resumed  its  natural  color, 
which  waa  white.  This  observation  corresponds  with  that  made 
by  Tait. 

"I  give  now  an  instance  where  chronic  effects  of  a  etmilar 
character  wore  noticed  by  jne  for  a  couple  of  weeks  continuoitfilT, 
during  convalescence  from  typhoid  fever.  In  this  case  white 
objects  appeared  of  a  not  very  intense  orange-yeilow  hue,  tb 
general  effect  on  a  landscape  being  such  as  is  produced  by  tb«- 
orange-yeilow  rays  of  the  setting  sun.  ilere  the  acti\nty  of  the 
green  and  violet  nerves  was  diminished  relutively  to  tliat  of  the 
red.  The  auditory  nerve  was  also  evidently  affected  during  the 
same  period,  but  precisely  in  what  wav  T  did  not  ascertain. 

"It  is  a  matter  of  yearly  observation  with  me,  that  eflects,, 
similar  in  kind  with  tnose  tirst  noticed,  are  produced  by  p 
longed  exposure  to  bright  white  light  out  of  doors.  Under  sucbj 
circuniBtauces  white  objects  no  longer  appear  pure  white,  h 
are  tinted  plainly  |iurplit^h-red,  and  rather  dull  greens  asaarae  a 
gray  hue,  as  though  all  the  gi-cen  in  tiicm  hud  been  neutralized, 
while  strong  greens  are  cuuHidei-ably  reduced  in  iuteusity  (satu- 
ration). Upon  leaving  the  blinding  glace  and  entering  a  dark> 
ened  room,  it  often  for  several  seconds  appears  filled  with  a 
greenish  haze. 

"Two  of  these  cases,  and  probably  that  of  Tail,  point  out  that 
our  apparatus  for  the  reception  of  waves  of  light  of  medium 
length,  is  more  liable  to  he  over-strained  by  ne^^'ou8  sliocks  or 
by  prolonged  excitation,  than  is  the  case  with  those  designed 
for  the  reception  of  wavea  of  greater  or  less  length.  Sen'ous 
derangement  iind  prolonged  excitation  are  then  causes  which 
may  produce  temporary  green  color-blindness." 

Since  the  use  of  red  ligiiis  for  signaUing.  either  by  lanterns  or 
rockets,  is  almost  universal,  the  substitution  of  some  other 
device,  as  variable  forms  in  place  of  different  colors,  is  very 
deBirublc.  Accidents  which  now  occur  from  color-blindness  of 
railway  engineers  and  pilots  would  be  less  Irec^ueul,  and  com 
niuniiies  c(iuld  still  cnjny  the  services  of  men  thus  utlect 
without  titking  serious  risks. 

524.  Color  and  Mosioal  Pitch. — The  existence  of  variation  in 
rate  of  vibrations  as  the  cause  of  difiereuce  in  color,  has  led  tQ^ 
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tbe  attetnpt  to  esUiblUh  an  analogy  between  colors  and  rausioal 
soiiikIb,  the  seven  primary  cnlora  of  Newton  and  the  seven 
notes  of  the  gamut  (411)  being  regarded  as  oetaves  respectively 
of  light  and  »uunfl.  The  re&miiblaiieti  i»,  however,  a  forced  one, 
the  gra<lual  transitions  which  mark  the  spectrum  being  in  strong 
contrafit  to  the  Btep-Uke  advance  from  note  to  note  iu  the  musical 
Bcalo. 

Uelmholtz,  moi-onvor,  directs  attention  to  the  fact,  that  if  tlie 
lavender  rays  beyond  the  violet  were  included,  the  Bpeelruui  has 
AH  extent  of  an  octave  and  a  fourth  instead  of  an  octave. 


CHAPTKK    XXITI. 
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I  of  kiiMS — ParU  of  ipliericiil  l«nkci — Furtni  of  •pherioU  Icnaot — AoUon 

«r  convex  leosM  asplxined — Action  of  concave  lcn»c<  viplnined — Prindpal 

tad  ooqjugktf  Tnct  nt  oimvex  Ip-iu — Artlon  nf  cernvRx  Ipna  on  crinvtirgtml  nyt 

— l)«tcnnina(ion  of  fwi  uf  l«n»ei — Optieal  centra.     S«icutidai7  tistih—liaitgtt 

.fortnwl  by  c^jnrei  leiUM.'a— JmBgm  forriKMl  hr  fonciiTe  lontuw — Spii<mcii1  Hbtir- 

■tlon — The  com« — ChroinmJc  aberrtiliDn — Achromslic  lonte* — AbemtJoD  by 

'^ourvMiura  uf  field — Dupili  "f  Tociu— Slop*  aad  dtKpbngnu. 

025.  Vftrietiet  of  Xenie*. — A  lens  may  he  defined  as  a  trans- 
parent  eubtttancu,  which  according  to  tlie  cur^'atures  of  itK  sur- 
facoB  coaBes  either  couvergence  or  divergence  in  the  rays  of  light 
which  traverBe  it.  Though  any  transparent  medium  may  he 
used  in  their  conetruction,  they  arc,  in  practice,  made  almost 
entirely  from  crown  or  flint  glass,  or  a  combination  of  both. 
They  are,  therefore,  spoken  of  as  ci-owni,  flint,  or  compound 
lenses.  The  other  suht^lances  which  are  occasionally  used  iu 
inalcing  them  for  special  purposes  are  quartz  or  rock-crystal, 
Iceland  spar,  and  rock-suU.  A  few  have  been  made  of  diamonds 
uid  other  gems. 

A«  regarde  their  form,  those  employed  in  optics  usually  have 
spherical  curvatures,  hut  elliptical,  parabolic,  and  cylindrical 
are  also  employed. 

626.  Parts  of  Spberioal  Leniea.  —  In  spherical  lenses  one  or 
both  surfaces  are  parts  of  the  surface  of  a  sphere.     Fig.  228 
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Convex  lew. 


illustrates  the  section  of  sncfa  a 
lens  made  through  its  centre.  The 
term  spherical  has  do  reference  to 
the  circumference  of  the  lens  by 
which  it  is  fitted  into  the  brass  or 
other  tube,  bat  solely  to  the  curva- 
tures represented  m  section  by 
DXD'andDX'D'. 

The  line  RX',  by  which  the 
curve  DX'D'  is  described,  is  its 
radius  of  curvature^  and  the  point 
on  which  the  radius  revolves  is 
the  centre  of  curvature;  on  the  op- 
posite side  the  centre  of  curvature  for  DXD'  is  found. 

A  line  connecting  the  two  centres,  andpiercing  the  lens  at 
X  X',  is  the  prindpal  axis  of  the  lens.  Where  one  suriace  is 
plane,  the  principal  axis  is  the  line  let  fall  from  the  centre  of 
curvature  of  the  spherical  face  perpendicularly  upon  the  plane 
face. 

The  line  D  D',  drawn  from  one  point  of  the  circumference  to 
that  exactly  opposite  is  called  the  diameter.  The  axis  and 
diameter  are  perpendicular  to  each  other. 

The  aperture  of  a  lens  is  the  angle  between  lines  connecting 
the  extremities  of  a  diameter  with  the  principal  focus. 

527,  Forms  of  Spherical  Lenses. — There  are  six  forms  of  spheri- 
cal lens  produced  by  plane  and  curved  surfaces,  as  represented 
in  Fig.  229.     Of  these,  Nos.  1,  2,  and  3  are  thicker  m  the  axis. 

Fro.  229. 


Fomui  of  I'unvex  lena. 


All  such  lenses  exercise  a  converge}it  action  upon  rays  of  light 
which  pass  through  them.  4,  5,  and  6,  on  the  contrary,  are 
Ihinner  at  the  axis,  and  produce  divergence. 

In  the  convergent  series,  1  has  both  surfaces  curved  outwards; 
it  is,  therefore,  called  a  double  convex.     2  has  one  surface  plane, 
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and  the  otber  convex;  is  known  an  pUmo-eojivfx.  S  has  one  Rur- 
fiicc  concave,  the  other  convex:  and  is  termed  a  cointrgxttg  con- 
cavo-convex. In  the  divergent  series,  4  ib  a  </ou6^  concoct;  ■h^  A 
plano-concave;  and  6,  a  divergent  amvtzo-concave. 

Where  one  surface  of  a  lens  is  convex  or  hnl^ng,  an<I  the 
other  concave  or  hollow,  ad  in  Nos.  3  and  6,  it  is  called  a 
mtmaem.  So  8  is  a  converging  }naiiscus,  and  6  a  diverging  meniscus. 
Where  the  two  curvatures  are  parallel,  and  little  or  no  true  lens 
action  is  exerted,  the  t«rin  siinjtU  meitisciis  is  applied. 

528.  Action  of  Convex  Lenses  Explained. — It  was  stated  in  (498) 
that  a  ray  of  light  in  its  passage  through  a  prism  is  deviated, 
or  deflected  towards  its  has*-'.  Upon  this  and  other  properties 
po«8e«aed  by  priemfi,  all  the  actions  of  lenses  may  be  explained. 

In  the  discuiwion  of  this  subject  we  quote  from  Wcinhold. 
"  In  Fig.  2ii0  let  B  ropreitent  a  small  prism  of  glaas  whicb  re> 
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U  of  light  proceedinjf  from  A  in  such  a  manner  that 
rtiie  point  C.  The  prisTn  D,  having  a  smaller  rtfructing 
angle  than  It,  proUucue*  I^hh  dcviatiun,  and  if  the  refracting 
angle  be  suitablv  adjuHted  the  ray  A  D  may  also  he  refracted 
towards  C ;  similarly,  if  the  prism  K  has  a  still  amaller  refracting 
angle,  and  the  latter  \»  properly  chosen,  the  ray  A  E  will  meet 
the  other  rays  aUo  at  C.  These  three  prisms  have  their  re- 
fracting edges  directed  upwar<lR;  three  corresponding  [irisms, 
with  their  refracting  edges  dnwnwnnls,  viz.,  the  pristns  V  G  H 
will,  if  tlieir  refracting  angles  have  tlie  rec|uired  magnitude, 
refract  the  rays  from  A  also  towarrtB  C.  Finally,  the  central 
ray  between  the  prisms  pawes  front  A  to  C  without  refraction. 
It  follows  that,  with  a  suitable  arrangement  of  prisms,  a  number 
of  rays  which  diverge  from  A  may  be  brought  to  converge 
again  at  a  point  C. 

**  It  will  no  easily  seen  that  the  eeriea  of  prisms  need  not  be 
arranged  one  vertically  above  the  other.  The  figure  may  be 
auppoaed  to  represent  a  section  through  a  series  of  pritims  ar- 
ranged In  a  horizontal  line  ;  and,  in  fact,  whatever  the  arrange- 
ment of  the  serico,  whether  horizontal  or  vertical,  or  inclined 
to  either  of  these  directions,  the  effect  will  be  the  same:  the 
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rays  from  A  which  impitigu  upon  the  prisniB  will  be  re&ict«d 
towards  a  point  C. 

'*  It  follows  further,  eiuce  the  deviation  of  a  ray  does  D( 
dopenil  on  the  distance   of   the  refracting  aurfaccs  from   on»^ 
another,  but  solely  upon  the  angle   between 
Fio.  2S1.  them,  thai  a  ma«8  of  glass  of  the  shape  n^ 

rtisented  in  B,  Fiff.  "231,  mu9i  have  pr«> 
cisely  the  »ame  effect  as  the  coailiiuatiou  of 
J — \  I  \  separatw  prisms  repi-esented  at  A  in  the  same 
figure.  The  upper  and  lower  portions  of  B, 
viz.,  a  and  ff,  are  exactly  e<|uul  to  the  prisms 
a  and  •/ in  A:  Aand/inB  have  their  refracting 
8urtace«  further  apart  than  t>  and/ in  A,  but 
they  arc  in  both  cases  equally  inclined  to  one 
another,  hence  tlioy  prodnee  the  same  dena* 
tion;  c  and  «  in  B  are  much  thiekertban  c  and 
e  in  A,  but  here  abu  the  refracting  angle4),  and 
consequently  the  de^nation,  is  the  same.  The 
central  portion  d  in  B  has  parallel  faces,  and  a  rnv  of  light 
pasiics  through  it  without  suflering  deviation  ;  it  is  tbe  same  as 
if  the  rays  were  passing  through  the  empty  spacotf  in  the 
centre  of  A." 

"  A  leris  of  glass,  such  as  C,  may  thns  be  considered  as  a 
cumbinution  uf  an  lutinite  number  ol  prisms  called  itt^  eicinmts, 
the  refracting  angles  of  atiy   consecutive  pair  of  which  differ 
iiilinitely  little  from  each  other,  and  such  a  lens  will  serve  better 
for  collecting  mys  which  emaniitu  from  a  luminous  point,  and 
bringing  them  to  eonvcrgonce  at  some  other  |>oint,  than  a  seriM 
of  separate  prisms  whose  refracting  angles  difier  eonaidenibly.'*i 
The  plano-convex  lens  *2,  Kig.  22D,  and  the  converging  nieniscuaj 
3,  act  in  the  same  manner.     For  all  three  forms  of  convergingj] 
spherical  lens  tlie  point  of  crossing  of  the  rays  is  called  the 
focus.     As  with  a  concnve  mirror,  it  is  a  real  focus,  and  will  pro- 
duce an  image  upon  a  screen. 

029.  Action  of  Concave  Lenses  Explained. — In  this,  as  in 
preceding  case,  tlie  principle  involved  is  that  of  the  power 
prisms  to  deflect  rays  towards  their  base.  Conceive  that  in  Fig. 
280.  instead  of  having  the  bases  of  the  prisms  towards  the 
central  B|>aee,  their  edges  look  inwards,  il  is  then  evident  that 
the  ra3*8  from  A  instead  of  being  convergwl  towards  (_!,  wouldj 
be  forced  to  undergo  still  greater  divergence,  and  a  combination 
having  a  divergent  action  would  result  We  may,  therefore, 
conclude  that  a  concave  lens  is  made  up  of  an  iutinite  number  of 
prisms,  the  sections  of  which  have  their  apices  looking  towards 
the  centre,  or  axis  of  the  lens,  and  their  bases  towards  the  cir- 
oumfereuce.    As  in  the  case  of  convex  lenses,  the  action  of  the 


other  forms  of  cnnoare  IdnReA  Sn  CKplained  upOD  the  same  prin- 
ciples aa  for  tbe  double-  cuncave. 

■  It  will  be  remarked  tbat  concave  loiis&s  act  in  a  similar 
manner  to  convex  mirrors,  causing  the  rave  w}iich  have  fallen 
upon  them  to  diverge.  Like  their  companion  mirrorB  they, 
therefore,  do  not  have  a  real  focus;  but  a  virtual  one  may  be 
found  by  prolou>;ing  the  course  of  the  emergent  rays  backwards 
tliroagh  tJie  lena. 

530.  Principal  and  CoQjngato  Foci  of  Convex  Lens. — The  prin- 
cipal focus  of  a  frnnvcx  li-its  is  its  fofus  for  inttident  rayn  Li  B, 
which  are  parallel  to  its  principal  axis  M  N.     All  ouch  rays  will 
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ie  converged  very  nearly  to  the  same  focus  F  ujH)n  the  principal 
axis  M  F.  providing  the  arc  DAE  docH  not  exceed  10°.  The 
distance  F  A  is  the  pi-iiifipiil  focal  dixtance. 

lu  all  ordinary  crown  glass  lenses  where  the  radii  of  curvature 
of  the  two  iiiCiA  arc  equal,  the  jirincipal  focuft,  and  the  centre  of 
ctirvatore  are  nearly  coincident.  When,  in  place  of  being 
parallel  the  ravB  falling  on  a  convex  lens  arc  divergent,  or  pro- 
ceed from  a  luuiinuuB  point,  the  position  of  the  focus  and 
character  of  the  emergent  pencil  will  vary  greatly.  As  with 
concave  mirrors,  numerous  conditions  prt'sent  themselvea. 

Ist.  When  the  Inrainoua  point  is  at  the  focus  of  the  lens  the 
emergent  rays  will  he  parallel,  for  the  conditions  are  a  simple 
revcmal  of  those  in  Fig.  232,  in  which  parallel  rays  are  brought 
to  a  focas. 

2d.  Take  the  mame  lens  and  represent  its  focus  for  parallel 
rays  bv  the  dotted  lines  S  B  B  F,  T\^.  233.  Then,  if  a  luminous 
point  L  is  placed  on  its  principal  axis  at  a  greater  distance  than 
the  principal  focal  distance  F',  the  divergent  pencil  from  L  will 
he  brought  to  a  focus  at  I,  beyond  the  principal  focus  F  on  the 
opposite  side.     In  like  manner,  a  luminous  point  at  I  will  be 

» brought  to  a  focus  at  L.  lleni-o,  these  are  called  co^ugate  fod, 
as  with  concave  mirrors. 

3d.  When  a  luminous  point  /  is  at  double  the  focal  distance 
of  the  lens,  the  rays  are  brought  to  a  focus  at  an  equal  distance 
on  the  opposite  side,  and  the  object  and  itt5  image  are  of  equal 
nilimenaionB. 
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4th.  As  the  luminous  point  I  moves  nearer  to  the  prindpal 
focus  F,  the  focus  for  the  emergent  pencil  L  moves  forther 
away;  finally,  when  I  reaches  F,  the  rays  are  parallel,  and  there 
is  no  focus,  or  it  la  at  an  infinite  distance. 
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dth.  When  a  luminous  point  is  nearer  to  a  lens  than  its  prin- 
cipal focal  distance  F,  as  at  L,  Fig.  284,  though  the  rays  H  K 
and  G  M,  which  emerge  on  the  opposite  side,  have  undergone 
convergent  action,  and  are  less  divergent  than  before,  they  still 


Fio.  2S4. 


Virtual  focus  of  conTei  lens. 


diverge,  and  cannot  form  a  true  focus.  In  this,  aa  in  a  similar 
condition  of  affairs  in  a  concave  mirror,  by  prolonging  the  rays 
K  H  and  M  G  along  the  dotted  lines  a  virtual  focus  is  found  at  L 

531.  Action  of  Convex  Lens  on  Convergent  Bays. — In  Fig.  284, 

let  K  H  M  G  represent  a  convergent  pencil  of  light  coming  from 
a  lung  focus  leiie  which  would  reach  a  focus  at  I;  and  H  G  a 
double  convex  lens  with  F  as  the  principal  focus  for  parallel 
rays  S.  When  the  convergent  pencil  H  i  M  Hs  caught  upon 
the  lene,  the  convergence  is  increased,  and  the  rays  are  brought 
to  a  focus  at  L. 

By  combining  together  a  number  of  lenses,  and  increasing  the 
convergence  of  tlie  pencil  of  light  step  by  step,  the  exceedingly 
short  focus  and  high  magnifying  power  used  in  microscopes  are 
obtained. 

532.  Determination  of  Foci  of  Lenses. — To  determine  the  prin- 
cipal focus  of  any  convex  lens,  it  must  receive  the  sun's  rays 
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'parallel  to  its  nxia.  The  emergent  pencil  is  theu  projected  upon 
a  piece  ot  pa]ier,  when  the  point  at  which  the  snn'a  image  is 
»mallp-"t  and  HliarpcBt  i«  the  principal  focal  distance. 

When  direct  amilijfhl  is  not  available,  the  i'oUowing  plan  may 
be  followed  :  Place  the  lens  in  front  of  an  object,  and  project 
the  image  upon  a  screen.  Then  adjust  the  relative  positions  of 
the  screen  and  lens,  until  the  iinu^e  and  the  object  are  of  the 
same  size.  Measure  the  distance  Irom  the  object  to  the  screen, 
divide  it  bv  four,  and  the  quotient  is  the  focal  distance  of  the 
lens  (530,  3d). 
^  For  a  double  concave  lens,  cover  the  face  with  lampblack, 
Bremovc  this  at  two  small  spota,  which  should  be  in  the  eame 
principal  section,  and  at  cmiat  distances  from  the  axis.  A  beam 
of  Hunlisht  is  theu  received  on  the  opposite  face,  and  the  screen 
ac^ustea,  until  its  pOHition  is  such  that  the  two  spots  of  light  on 

I  the  screen  are  twice  the  distance  from  each  other.    This  is  equal 
to  the  focal  distance. 
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533.  Optical  Centre.  Secondary  Axes. — The  optical  centre  of 
every  lens  is  upon  ttti  principal  axis,  and  any  ray  pattsing  tlirough 
this  point  docs  not  undergo  an<^]lar  de- 
viation, since  the  track  of  the  etnergent 
rav  is  parallel  to  that  of  the  incident  ray. 

^he  position  of  this  point  may  be  found 
as  follows:  Let  C  A  and  C  A'  be  two 
parallel  radii,  drawn  respectively  from  the 
centres  of  curvature  C  and  C  The  two 
plane  elements  (5:J8)  at  A  A'  on  tlto  sur- 
nice  of  the  lens  are  theu  parallel,  since 
they  are  perpendicular  to  these  lines.  The 
ray  A  A',  tlierefore,  passes  through  a  medium  with  parallel  faces, 
aud  the  emergent  ray  is  consequently  parallel  to  the  incident 
ray.  The  point  O  at  which  the  ray  A  A'  cuts  the  principal  axis 
of  the  lens  is  its  opUfal  centre. 

The  optical  ceutre  of  double  concave  and  meniscus  lenses 
can  be  found  by  the  same  method.  In  plano-concave  or  convex 
lenses  it  is  the  point  where  the  axis  pierces  the  curved  RDrfiu:e, 

All  straight  lines  which  pass  through  the  optical  centre  of  a 
lens  without  cutting  t!ie  centre  of  curvature  are  secojulartf  axes. 

If  the  secondary  uxcb  make  small  angles  with  the  priocipal 
axes,  tliey  may  be  considered  as  equivalent  thereto,  as  regnrds 
all  that  haa  been  said  concerning  foci.  This  is  of  importance  in 
the  explanation  of  the  formation  of  images  by  lenses. 

534.  Ims^ea  formed  by  Convex  Lejuei  moy  be  real  or  virtual, 
«ince  tlie  iiuugc  of  an  uhject,  as  iu  mirrors,  is  the  collection  of 
tlio  fuci  of  ihc  |Mjinta  forming  it. 
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The  maDoer  of  formation  of  a  real  image  may  be  seen  from 
an  examination  of  Fie.  236.  A  B  is  the  object,  placed  at  a 
greater  distance  than  t^e  principal  focne.  A  a  is  a  secondaTy 
axis  passing  through  O  the  optical  centre.  A  C  is  a  ray  whicn 
on  reaching  the  lens  ia  refracted  first  at  C  and  then  at  D,  and 
cuts  the  secondary  axis  at  a.  All  other  rays  from  the  point  A 
will  also  meet  in  a  as  their  conjugate  focus.    A  secondary  axie 
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drawn  from  B,  and  a  ray  therefrom,  will  in  like  manner  meet 
at  b.  All  points  of  A  B  will  thus  have  their  conjugate  foci 
between  a  and  6,  and  a  real  inverted  image  of  A  B  will  be  pro- 
duced at  a  b,  which  may  be  projected  upon  a  screen  or  seen 
directly  by  the  eye. 

If,  on  the  contrary,  a  6  is  the  object,  its  image  appears  at  A  B. 
From  these  facts  important  eonsequences  follow: 

^let.  A  large  object  at  a  great  distance  from  a  convex  lens  produces 
a  small  real  inverted  image  a  little  beyond  the  principal  focus  of  the 
lens,  as  in  an  ordinary  photographic  camera. 

2d.  A  small  object  a  very  little  beyond  the  principal  focus  of  a 
convex  lens,  forms  a  large  real  ijiverted  image  at  a  considerable  dis- 
tance beyond  the  principdt  focus,  illustrated  in  the  case  of  the  pro- 
jection lantern. 

3d.  In  the  first  ease,  the  greater  the  distance  the  smaller  the  image. 
In  the  second,  the  nearer  the  object  to  the  focus  the  larger  the  image. 

FiQ.  237. 
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It  remains  to  examine  the  case  where  the  object  is  placed 
between  a  convex  lens  aud  its  principal  focus,  as  id  the  simple 
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licroflcope  or  niagiiifying  glass.  Under  these  circumstanceB 
lonly  virtual  images  are  formed.  In  the  figure  let  A  B  represent 
*be  object  Draw  a  secondary  axis  0  a  through  the  point  A. 
The  ray  A  C  cnier^^  at  D,  and  if  the  omorgent  ray  0  bo  pro- 
longed baokwarda  to  «,  it  cats  the  secondary  axis  at  «,  which  ih, 
tlierefore,  the  virtual  focua  of  A.  In  like  niauuor  B  tiuds  its 
virtual  focu»  at  h.  and  all  pointa  between  A  and  B  have  foci  be- 
tween a  and  h.  The  eye  placed  in  the  position  indicated  Boea 
the  irna^u  of  A  B  at  a  o.  The  iinuge,  moreover,  ia  virtual, 
ercrl^  and  laTgcr  than  the  object. 

635.  Image*  Formed  by  Cenoave  Lenies.^Like  their  foci,  the 
imAge«  by  a  concave  lone  are  always  virtual.  In  the  figure  A  B 
ifl  an  object  plaoetl  in  front  of  a 
concave  lens.  A  O  is  then  a  rccou- 
darv  axis  to  A.  Uay«,  as  A  C  and 
A  1  froni  A,  are  twice  refrucied, 
ftnd  emerging  from  the  lenatn  the 
directions  D  R  and  ti  II,  diverge 
from  the  accoudary  axis  A  O. 
Prolonging  the  track  of  tlie  emer- 
gent rav8  n  E  and  G  H  back- 
wards they  cut  the  secondary  axis 
at  a,  where  a  virtual  image  of  the 
point  A  is  seen  by  the  eye  placed 
ou  the  opposite  eide  of  the  tens.    Inlikemanncr.imageaof  alllhe 

,  pointa  ot  A  B  appear  between  a  and  6.     Therefore,  ((  0  becomes 
[die  image  of  A  li.     It  is  virtual,  rrect^  and  smaller  than  the  object. 

636.  Spherical  Abarratloo. — In  discussing  the  question  of  tbo 
:i  of  Icnaea,   it  bait  been  aaKumod  thus  lar,  tliat  all   rays 

[fiilling  U[^K)n  the    lens   meet   at  the 

[tame  focal  point  on  the  opposite  side.  _    ^w-  '•^■ 

[This  is  practically  correct  while  the 

aperture  (626)  ia  not  greater  than  IC. 

Wlien  it  exceeds  this,  as  in  Fig.  239, 

the  rays  r'  r',  which  emerge  from 

the  central  parts,  L,  have  a  longer 

focal  <listancc,'^.  than  those,  rr,  which 

emerge  fruiii  the  parts  near  the  edge,      r         V^^  f'   / 

as  at  f  in  the  figure.     To  this  phe-  (ii*Brk«i .tartwiw. 

nomenon  the  name  o(  sp/urtt^la/ierra- 

tion  by  refraction  is  given,  antl  the  intersections  of  the  refracted 

rays  are  called  caustics  by  rr/rarlim. 
By  Fig.  '289,  it  is  also  evident  that  spherical  aberration  may 

be  examinrtl  in  two  ways:  Ist,  As  regards  the  distance  from  c, 

the  focus  of  the  central  rays  to  y,  tliat  of  the  marginal.     This 
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iR  called  longitttdttud  spherkal  aberration.  2(].  Tlie  rays  r'  r'  oome 
to  their  focQS  ae c,  wbile  r r  reacb  theirs  at/.  aiKl  then  diveipng 
form  un  aureola  around  the  inm«e  produced  by  the  central  por- 
tions of  tlie  lens.  The  diameter  of  this  is  represented  by  a  h. 
To  it  the  Dam«  of  IcUereU  fphericeU  aberrtUion  is  given.  Tl« 
position  of  loaat  alwrration  \a  hotiiVecny  and/. 

Longitudinal  aberration  increases  or  dimiuishea  as  the  equut 
of  the  dianieter  of  the  aperture,  and  inversely  as  its  focal 
length.  Tjattrai  is  proportional  to  the  ailc  of  the  nperture,  and 
inversely  proportional  to  the  square  of  the  focal  length.  Ot, 
double  the  diameter^  and  the  longitudinal  is  inereaeed  four  tiraee, 
And  the  lateral  eight  times.  The  dianneter  remaining  thes&me, 
and  tlic  focal  length  being  doubled,  the  longitudinal  is  reduced lo 
piie-hlilf,  and  the  lateral  to  one-fourth. 

It  being  im])Ossible  to  obtain  clear  or  sharp  definition  wbil« 
spherical  aberration  oxista,  various  methods  are  resorted  to 
for  its  correction. 

Ut  The  aperture  is  reduced  by  means  of  stops  (642).  Their 
action  is  to  cut  off  the  rays  from  the  circumference,  and  allow 
only  the  passage  of  a  central  pencil.  Thus  greater  sharpness  of 
detinition  is  gained,  but  at  serious  cost  in  the  brightness  of 
illumination.  At  the  best  thia  plan  is  only  partial,  licver  com- 
plete in  ita  action. 

2d.  IJy  coHBtructing  the  lens  with  faces  of  different  radii  of 
corvatnre — A  C  B,  A  D  B.  The  extent  and  character  of  thie 
variation  depends  up<iii  the  tlistaiice  of  the  object.  If 
the  radiatiug  point  is  at  intinhy.  ibe  most  convex  sur- 
face should  be  turned  towards  it,  and  for  crowa  glaas 
the  radii  of  curvature  should  be  as  1 :  6. 

As  the  radiating  point  approacbcB  the  lens,  the  sur- 
face towards  it  should  become  less  and  less  convex 
as  regard.^  tlie  other  ftice;  <•./;.,  the  radii  should  be 
2:3  —  3:4  —  4:3 — until  when  it  reaches  the  pria- 
cipal  focus  it  should  be  6:1,  or  tbe  reverse  of  what 
it  was  when  at  infinity. 

Leiisee  made  on  this  principle  are  called  lenses  of 
best/oTin^  and  also  crossed  latses. 

Sd.  In  place  of  using  a  single  one  of  short  focus, 
two  or  three  convex  lenees  of  longer  focus  are  placed 
close  together.  Thus  a  combination  of  the  same 
short  focua,  but  with  considerably  less  spherical  aberration,  U 
obtained. 

4tli.  By  combining  a  concave  lens  with  the  convex.  Tbe 
material  uf  the  second  may  be  similar  to  that  of  the  first  or 
unlike.     Usually  it  is  diflerent 

The  manner  iu  wliicb  this  acts  is  easily  understood  when  we 
reflcet,  that  iit  the  concave  or  diverging  lens  the  thicknees  ta 
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at  the  circunifereiice.  hence  the  aberrwtioii  is  in  an 
direction  to  that  of  Uie  convex,  and  correctH  it.  It  is, 
therefore,  only  necessary  to  secure  n  proftcr  relation  of  radii 
of  curviituroB  in  both,  when  u  onnvyrffinj;  (xmibination  ahiio«l 
entirely  free  fi-oni  eplieriual  tiherralion  i&  obtained.  Lenses  of 
this  d«8cription  are  called  nplanatie. 

AS7.  The  Coma. — Sphoricjil  aberration  has  thus  far  been  con- 
sidered only  as  applied  to  rays  |iara]M  to  the  principal  axis. 
It  remains  to  spoaK  of  the  cotiseciueiices  arising  wJien  rays 
iail  upon  a  lens  obliquely  to  its  axis.    In  Tig.  241,  suppose 
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the  aberration  for  parallel  rays  is  reprcsontGd  by  A,  the  space 
between  the  interior  and  exterior  circles  being  the  atircoln  of 
aberration.  B  and  C  then  represent  the  chanices  that  take 
pJaoH  as  the  rays  become  more  and  more  ol>lique  to  tlie  axis, 
nutil  finally  the  appearance  at  T>  is  produced.  To  this  the 
I      term  coma  is  applied. 

B    A  lens  which  is  aplanatic  for  rays  parallel  to  its  axis,  is  not 
^90  for  those  oblique  thereto.    The  correction  lor  this  condition  is 
Attained  in  part  ny  the  uafi  of  properly  placed  diaphragms. 

V     038.  Ohromatie  Aberration. — All  simple  lenses  give  images  the 
margins  of  which  show  coloration  which  does  not  belong  to  the 
.  original.    This  sequent  of  lens  action  is  called  ehromatif  aberra- 
tion. 

Tn  describing  the  action  of  lenses  (528)  it  was  shown  (hat  the 
principle  involved  was  that  of  refraction,  an  with  prisms.  Since, 
B  a  lens  is  in  fact  a  combination  of  an  infinite  number  of  prisma, 
^  it  follows  that  a«  a  prism  not  only  refracts  Upht,  init  also  decora- 
poses  and  disperses  it  into  different  colored  rays,  a  lens  must 
have  tlie  same  ctfeet.  and  hence  tlic  coloration  of  the  margins 
of  the  images  it  produces. 

In  Fie.  24'2  this  action  is  represented,  A  being  the  luminous 

iptiint,  h  tiie  lens.      As  the  violet   rays  are  the  more  refran- 

igible,  they  come  to  a  foicns  at  V,  whife  the  red  are  prolonged 

to  R.    The  niuxiTiiinn  for  tight  is  In  the  yellow  (511),  while  that 

for  chemical  rays  is  in  the  violet  region.     Setting  aside  the 

lanuoyanoe   arising  to  the  eye  from   marginal   coloration,  it 
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tlierefore  follows,  in  phot<^fapfaic  operations,  chat  when  ad 
imago  is  Bharply  focuescd  on  the  CTound  gla^e,  tho  photographic 
picture  is  badly  out  of  focus.  Uencc  we  perceive  there  we 
two  foci  for  a  eimple  lena,  viz.,  the  visual  focus  and  the  rAfniiW 
focus. 


Pio.  242. 
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Correction  for  chromatic  uberratioD  in  photographic  opera- 
tions mav  be  obtained  hy  using  a  blue  or  \iolut  monochromatic 
light,  'fhc  method  bj  passing  the  ligbt  tJirongh  ammonio- 
Biilphate  of  copper  {^V^)  ib  the  heat,  especially  for  microscopic 
photograph^-.  This  dous  not  answer  for  removal  of  marginal 
coloration  m  optical  contrivances  used  liy  the  eye,  as  niicrorj 
scopes,  telescopes,  etc.,  as  the  natural  colors  of  the  object  woul' 
also  be  changed  or  interfered  with.  For  such  instruments  i\ 
tenses  theraaelves  are  corrected  as  follows. 


Fio-  248. 
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639.  Achromatic  Lenset  are  so  called  because  they    furnit 
an  imnfc  free  from   the  marginal  coloration   we   have  hec 

considcrmg. 

In  (508)  the  achromatic  prism  is  described.  It  is  composed 
of  crown  and  flint  glasscii,  the  dlsperaive  power  of  which  is  so 
different,  that  by  a  eombination  of  the  two  dis- 
persion is  cDrrected,  while  considerable  refractive 
power  remains.  It  is  upon  this  principle  that  the 
achromatic  lens  first  made  by  Doltand  depends  for 
its  nu)de  of  action. 

In  Fig.  248.  A  repreaeiita  a  concave  or  diverging 
meniscti»  of  flint  glass,  and  B  a  convex  or  con- 
verging lens  of  crown  glatts.  Tliese  have  one  face 
in  common,  by  which  they  are  usually  cemented 
together.  Their  curvatures  are,  moreover,  so  ad- 
justed that  they  are  nplanatic,  and  not  only  chromatic  but  also 
spherical  aberration  (536)  is  corrected. 

While  a(dirunjn.tic  Iciiscs  give  an  admirable  optical  image, 
they  often  fail  to  give  "[ood  photographs  from  a  want  of  oom- 
oidence  in  the  visual  and  chemical  foci.  This  can  be  corrected 
either  by  making  a  suitable  change  in  the  position  of  the  plate, 
which  is  determiued  by  trial,  or  by  passing  the  light  through  an 
ammonio-aulphatc  of  copper  solution  (6S8). 


Athiijiii«liF  Ipoaia. 
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540.  Aberration  by  Curratare  of  the  Field. — ^t^et  ABC  repr^ 
M-ut  a  plane  uL  a  dihtaiiuu  iVoDi   thu  convex  \vti&  X>.     Tlie  rays 
from  the  point  B  will  come  to  a  focuB 
ftt  E,  while  those  from  A  and  C  ^vill  fio.  214. 

reach  their  foci  at  ¥  and  G  respec- 
tively. The  points  E  F  G,  being 
Duarly  oquidtBtatit  from  the  optical 
centre  of  the  lerift,  the  field  will  con- 
»equently  be  curved,  and  an  imaee 
cannot  he  tunned  on  the  plane  H  L, 
in  which  both  the  central  and  inar^iTuil 
portions  are  sharply  defined.  To  this 
aberration  the  name  of  cun-ature  of  coii»«iin»«». 

the  tield  is  jtiven.     In  the  eye  the  ^ 

imnjre  h  received  upon  the  interior  of  u  sphere  winch  o&rs 
a  field  of  the  curvature  in  question. 

The  correction  ol  thin  in  pliotograpliic  lenses  is  accon^ptiahed 
by  a  proper  relation  of  tlie  poHitlnn  of  the  dia|>liragni  to  the  radii 
of  curvature  of  the  lenses  fornung  the  combination. 

Ml.  Depth  of  Focui  is  the  property  of  giving  well-defined 
images  in  planes  of  unequal  distances  from  the  optical  centre 
of  the  lens.  Tins  may  be  experimentally  illimtratutl  as  follows. 
Take  an  opera  glass  and  i'ocus  it  for  objects  at  a  distance.  Then 
direct  the  glass  to  those  nearer,  they  will  appear  equally  well 
dcfinedt  3*et  the  foci  for  the  near  and  distant  are  not  the  same. 
Again  direct  the  gloaa  to  a  distant  object,  it  will  then  be  found 
that  lite  eyc-pleee  may  be  moved  l(>rwui*dH  and  backwards 
through  a  small  distance  without  injury  to  sharpness  of  defini- 
tion.    This  distance  represents  tlie  depth  of  focus  of  the  1ensc«. 

This  property  varies  with  the  aperture,  us  in  Kig.  245.  Let  D 
represent  a  lens  in  use  with  its  full  aperture  exposed,  the  parallel 
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rays  r  r'  come  to  a  sharp  focus  nt  a  in  the  plane  A.  .Movement 
of  the  fpN^und  glass  receiving  the  image  towards  the  planes 
C  or  It,  instantly  injures  the  definition. 

Suppose  that  a  stop  is  placed  in  front  of  the  lens  and  its 
diameter   reduced  as  at  D'.    The   parallel   rays  r  r*  paasine 


passing 
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through  this  portion,  ainoe  they  converge  at  a  much  smaHar- 
angle  than  in  the  preceding  instance,  appear  to  give  equnlH 
sharp  images,  whether  the  screen  ia  at  the  distanoe  A,  or  at ' 
or  C. 

A  convergent  lena  can,  tlierefore  (in  apparent  contradiction 
to  the  law  oi  conjugate  fofii),  give  sharp  imugcs  in  ptance  some- 
what distant  from  each  other.  This,  however,  only  takes  place 
whon  the  object  is  distant  from  it :  as  it  approaches,  the  depth 
of  focus  diminishes. 

642.  Stops  and  DlaphrBgmB, — Formerly  these  terms  poBsesaed 
the  same  significance  in  pbyaics,  but  great  advances  in  con- 
struction of  photogr^hic  lenses  have  led  to  a  special  apphca- 
tion  of  each  term.  The  apparatus  ia  the  same,  consisting  of  a 
disk  of  metal  e<|ua1  in  <1iametor  to  the  lens,  and  having  a  cen* 
tral  aperture  which  varies  in  each,  so  a  ecriea 
Fia.  2M.  with  (lifleront  openings  is  formed  which  can  be 

used  either  af!  stops  or  diapbragius,  according  b 
their  position. 

When  Uiied  as  a  stop,  it  is  placed  close  to  ih 
lens  M  as  in  0  D,  Fig.  2-lfi.  It  then  cuts  down 
the  aperture  to  tlie  dianieter  of  the  o|>ening  of 
the  stop,  and  only  the  central  portions,  A  B  C  D, 
arc  in  use,  and  represent  the  full  size  of  the 
pencil  of  rays  that  can  pass  it. 

When,  on   the  contrary',  it  is  placed  at   a 

proper  distance  it  becomes  a  diaphragm.    Tho 

full  aperture  is  employed,  and  only  those  rays 

frcMii    difl'crent   parts  ol    the   lens  which   it   is 

necessary  to  cut  ott'arc  interfered  with.     In  all  ordinary  optical 

instruments  their  position  has  been  fixed  by  tho  maker,  and  care 

should  be  taken  not  to  change  or  disturb  them. 

In  ex])lat)ation  of  the  action  of  a  diai>hragtn,  let  us  consider 
the  conditions  Fig.  247.  ABC  reprcticnt  tlireo  distant  points, 
and  L  L  a  convex  lens.  The  ravs  from  H  indicated  b^-  the 
dotted  lines,  come  to  a  focus  at  F.  Not  so  with  those  from  A, 
wLioh  are  marked  I,  II,  III.  rV.V,  Of  these,  A  I  is  refracted 
to  a,  A  It  to  A,  in  to  r,  IV  to  rf,  V  to  N.  A  similar  result 
occurs  with  C  1,  2,  3,  4,  5. 

Xow  suppose  a  diaphragm  he  placed  in  the  position  indicated 
by  O  P.  The  conditions  in  Fig.  248  then  arise.  Only  the  rays 
4  and  IV,  0  and  V,  frrim  A  and  (\  which  have  their  focus  near 
the  same  plane  as  F,  can  reach  the  ground  gloss  screen.  Others 
which  injure  dt;tinitioii  have  been  tlirown  out,  and  the  image 
gains  in  sharpness  tliereby. 
Tt  is.  in  arhlition,  evident  that  the  smaller  the  opening  of  the 


diapbragin  the  cleaner  cut  the  image.     To  this  there  is  a  limit 
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BB  after  a  certain  size  is  reached  any  further  diminution  causes 
phenomena  of  diffraction  to  appear,  which  injure  the  definition 
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jf  bright  objects.    A  star,  for  example,  in  place  of  appearing 
u  a  point,  seems  surrounded  by  rings. 


Actlun  of  iIlapliraKm. 


In  place  of  diaphragms  formed  in  the  manner  described,  a 
eery  ingenious  arrangement  called  the  iris  diaphrt^m  is  attached 
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to  microscopes  and  other  instruments.  It  consists  of  a  series  of 
radiating  plates  which  surround  a  central  opening.  By  revolnD? 
a  nug  on  the  exterior,  their  position  and  the  size  of  the  centru 
opening  are  altered.  The  change  of  aperture  imitates  that  Beeo 
in  the  iris  of  the  eye. 


CHAPTER    XXIV. 

FORMATION  OP  IMAGES  BY  EEFBACTION. 

The  camera  lucida — The  camen  obecura — The  magic  lantern — The  aolar  mictty 
scope — The  oxjhjrdrogen  lantern — Photoelectric  lantern — The  megascope. 

543,  The  Camera  Lucida  is  an  instrument  frequently  nsed  in 
sketching  objects  viewed  through  the  microscope.     In  that  in- 
vented by  "Wf)lIa8ton,  in  1804,  the  principal  section  is  as  repre- 
sented, Fig.   249.    It  is  a  four-sided  glass 

Fio,  249.  prism,  acting  by  total  reflection.     The  angles 

jxpj^^  are,  two  of  67°  30',  one  of  90'',  and  one  of  135'. 

A  ray  entering  normally  in  the  direction 
X  r\  is  totally  reflected  from  the  face  d  c,  in 
the  direction  r'  r,  impinging  upon  the  face 
d  a,  since  the  angle  formed  is  again  greater 
than  the  critical  angle,  it  undergoes  a  second 
total  reflection,  and  emerges  in  the  line 
o.n«.™  iHd.u..  r  a.     The   eye  placed  at  ;>  p  perceives  the 

object  in  the  direction  indicated  by  the  dotted 
lines,  and  if  the  adjustment  is  such  that  the  edge  of  the  prism 
only  occupies  half  of  the  field  of  vision,  it  is  projected  upon  a 
surface  of  white  paper  placed  at  a  distance  of  about  ten  inches 
from  the  eye.  If  the  point  of  a  pencil  is  placed  thereon  it  is 
seen  with  equal  distinctness,  and  the  image  may  be  easily  traced 
with  it.     In  some  cases  a  lens  is  added,  as  at  />  p. 

544.  The  Camera  Obscura  was  the  invention  of  Porto,  a  Nea- 
politan physician.  In  its  first  form  it  was  a  long  double  rec- 
tangular box.  One  section,  B,  was  smaller  than  the  other,  C, 
enabling  it  to  slide  therein,  as  in  an  ordinary  telescope,  making 
the  box  of  different  lengths.  At  one  end,  L,  a  minute  opening 
was  made.  The  opposite  end  was  formed  of  a  flat  sheet  of  ground 
glass,  E.     Directing  this  towards  an  illuminated  landscape,  the 


rays  therefrom  formed  an  inverted  image  on  the  ground  glaee 
the  Bize  and  hriglitnese  of  which  were  varied  by  sliding  this 
eection  of  thu  box  nearer  to  or  further  from  the  uparture. 

In  place  of  usinff  a  minute  aperture  for  the  entrance  of  the 
reya,  I'orta  soon  found  that  by  BubetitutJug  a  convex  lens  L  a 
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innch  brighter  image  was  produced,  the  definition  of  which  was 
easily  perfected  by  a  slight  forward  or  baekward  niavement  of 
the  ground  glans. 

In  this  form,  with  various  improvements  in  the  character  of 
the  lenses  L  L',  and  means  of  focnssing  D  A,  the  camera  obgcura 
ha«  now  become  the  well-known  photographic  camera. 

The  term  camera  obscura,  as  its  name  indicates,  i«  also  ap- 
plied to  rooms  of  considerable  dimensions,  and  generally  in  the 
form  of  a  tent  At  the  apex  of  this  there  ia  a  lens  and  prism  so 
combined,  that  the  latter  reflect*  the  inmi;e  produced  by  the 
former  in  a  downward  direction  upon  a  table  placed  in  the 
centre  of  the  room,  as  the  Bcreen  of  the  camera.  \'i8itQr8  look- 
i[ig  at  the  table,  obtain  a  panoramic  view  of  all  that  passes  across 
the  field  of  view  outi^tde  the  building. 

64$.  The  Magic  Laotem  is  an  infttrument  the  operation  of  which 
isexactlv  the  revorae  of  the  camera,  for  while  the  latter  produces 
a  diminished  image  of  the  object,  the  lantern  forms  an  enlarged 
one. 

The  essential  parts  of  the  apparatus  are  u  tin  box.  in  which  a 
lamp  of  some  form  is  the  source  of  light.  By  moans  of  a  para- 
bolic mirror,  A,  ae  much  as  possible  of 
the  light  in  paAsed  through  the  convex 
lens  IJ,  and  contMntratea  upon  V,  the 
object  to  be  reproduced.  At  C  there 
is  a  double  convex  lens,  the  position  of 
which  from  V  is  a  little  more  than  its 
own  focal  distance.     The  action  of  the  M^i^uniatn. 
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apparatus  U  to  form  a  rctal  and  magnified  image  of  the  object 
upon  a  screen. 

The  so-called  dissolvinj;  views  are  produced  by  uaiog  Uo 
ainiilar  laiitorne,  in  whicii  diti'ercnt  pictures,  or  alidca,  have  been 
placed,  and  directing  the  itna^es  upon  the  same  parts  of  tbe 
screen.  As  the  light  in  gradually  shut  ofl'from  one  and  tumt'l 
on  the  other,  the  fornier  merges  gradually  or  dissolves  with  the 
latter. 

546.  The  Solar  Mierosoope  is  n  magic  lantern  in  which  the  sun  l* 
used  OS  the  nourcc  of  li^ht.  The  objects  are  very  minute,  and 
aubjected  to  creat  iiiaj;iiilying  power — like  the  magic  lantern, it 
is  used  in  a  darkened  room. 

The  parts  are :  Ist.  A  plaue  mirror  by  which  the  solar  raw 
are  directed  along  the  optical  axis  of  the  instrument.  '2d.  A 
condenstug  arningeuient  eotisistiug  of  two  convex  leuees.  3d. 
A  Buituble  Htage  ior  support  ot  the  obiect  at  the  focus  of  the 
condensing  system.  4th,  The  projecting  appamtus  generally 
formed  of  one  or  more  achromatic  lenaes,  the  whole  liaving  a 
v&TV  short  focus,  and  consequent  high  magnifying  power.         ^^ 

The  iuteusG  heat  at  the  fouus  is  apt  to  injure  objects  suhmitte^^^ 
,tO  its  action ;  to  avoid  this,  the  solar  rays  are  passed  through  a^^ 


'^Balurated  .lolulion  of  aluni,  enclosed 
parallel  walls. 


in  a  glass  cell,  with 


l^^i 


647.  The  Oxyhydrogeu  Lantern. — The  oxycaleium  light  resulting 
from  projecting  the  Hanic  of  mixed  oxygen  and  hydrogen  gaaee 
upon  a  cylinder  or  pencil  of  calcium  oxide  in  geneniMy  employed. 
It  is  tixed  in  ii^  position  in  the  optical  axis  of  the  apparatus,  and 
thrown  into  operation  with  comparative  fecility  when  cylinders 
containing  the  compressed  gases  are  available.  It  has  sufficient 
intriuisic  brilliancy  for  the  majority  of  experiments.  The  diffi- 
culties in  the  way  of  its  use  arc,  however,  serious,  and  it  is  very 
desinibie  they  should  be  lessened.  They  arise  chiefly  from  the 
vuliitility  of  tlie  calcium  oxide  at  the  inteusely  high  temperature 
employed.  The  volalilixed  material  depositing  on  the  condens- 
ing lenses  prevents  the  passage  of  luminous  ra^'s,  and  the  cavity 
formed  in  the  cylinder  of  lime  at  the  spot  where  the  flame  im- 
pinges soon  diminishes  the  brilliancy  of  the  light;  this  necessi- 
tates a  chartge  in  position  of  the  linio  cylinder  to  present  a  new 
surface  to  tlie  Hame,  and  this  in  its  turn  implies  a  distraction  of 
the  attention  of  the  experimenter,  which  interferes  seriously 
with  the  thorough  management  of  his  subject.  Though  attempts 
have  been  ma»le  to  avoid  this  difficulty  by  clockwork,  or  other 
mechanical  contrivances,  they  are  still  unsotisfnctory  in  their 
action.     Another  serious  objection  is  the  necessity  of  placing 
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the  cylinders  In  a  closed  veesel  when  not  in  use  to  protect  thcni 
I'rom  action  ol'  the  air. 

The  oxjfmagHt^uim  light  is  similar  to  the  preceding,  differing 

»on1y  in  the  euhstitulion  of  a  cylinder  or  pencil  of  nm^ncHium 
oxide  lor  calcium  oxide,  and  the  light  emitted  \i  of  equal  bril- 
liancy. Following  ihe  instriictionB  given  for  preparation  of 
these  cylinders,  1  have  taken  ihe  greatest  pains  to  procnre  eam- 
plcH  ot  niagncBiuni  oxtdt;  nf  the  utmost  purity.  I  have  also 
tried  various  oilier  nit-'thodn,  jirnong  which  the  conibuation  of 
the  metal  in  oxygen  may  he  mentioned,  but  failure  has  thus  far 
attended  all  eflbrts  to  make  pencils  or  cylinders  al>le  to  with- 
Blaml  the  intense  heat  of  the  flame  of  mixed  oxygen  and  hydro- 
gen gaPCB  without  undergoing  volatilization.  The  pencits  ob- 
tained were  fully  equal  in  this  respect  to  those  of  calcium  oxtde; 
but  1  did  not  tiud  any  siuperiority  that  repaid  nie  for  my  trouble. 

The  oxt^zireonium  tight  proiiuced  by  action  uf  the  flame  nf 
mixed  oxygen  and  hydrogen  gases  on  a  cylinder  of  zirconiutn 
oxide  meets  every  requirement.  It  has  intrinsic  and  invariable 
hrilliancy.  a  fixity  of  position  in  the  optical  axis  of  the  uij>a- 
ratus,  and  does  not  volatilize  under  the  heat  employed.  The 
condensing  lenses  remain  free  trom  deposit,  and  aflcr  the  light 
i*  once  aiijufitcd  the  experimenter  can  carry  on  his  demonstra- 
tions without  any  distraction  of  attention  that  attends  the  use  of 
other  lights.  All  that  is  necessary  is,  according  to  the  sii'^  of 
the  rwen'oirs  of  comprei<sed  gas,  to  open  the  cocks  a  little  m 
prasMirc  diminishes.  There  is  also  no  need  to  remove  the  zir- 
conium oxide  pencil  from  its  position,  as  with  calcium  oxide;  it 
may,  on  the  contrary,  remain  i>i  situ  for  any  length  of  time,  and 
is  always  ready  for  use. 

In  lanterns  as  ordinarily  constructed  for  projection  of  photo- 
graphic or  other  iinageri  on  a  screen,  the  suoport  or  stage  on 
which  Ihe  photographic  slide  is  placed  is  close  to,  and  at  an 
invariable  distance  from,  the  condensing  lens.  While  the  objects 
projected  are  nearly  equal  in  size  to  the  diameter  of  the  con- 
denser, this  is  the  only  adjustment  that  can  be  made  to  illuminate 
their  whule  surface:  hut,  when  the  diameter  of  the  held  occupied 
hy  them  is  only  one<half  or  one-quarter  that  of  the  condensing 
lens,  the  brilliancy  of  result  obtained  may  bo  greatly  increased 
by  removing  the  supporting  statie  or  ohj eel- carrier  to  a  greater 
distance  from  the  condenser,  allowing  a  convergent  beam  of 
light  to  fall  on  the  object.  To  accorajflish  this  I  have  constructed 
the  following  form  of  lantern : 

In  Fig.  252,  rt  is  a  zireonia  light,  mounted  on  an  adjustable 
baae  (sec  "American  Jourtial  of  Science  and  Arts,"  Sept.  1877, 
page  208),  which  may  he  used  witli  a  condensing  lens  of  very 
•horl  focus,  since  the  zircoiiia  is  not  burrowed  into  cavities 
where  the  oxyhydrogen  llaine  impinges,  which  happens  with  lime 
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cylintlers,  and  causee  the  flame  to  ho  roflectod  upon  the'' 
deiieing  JeDs,  thereby  destroying  it.    In  the  jet  employed,  tht 
gases  are  mixed  just  before  iguitioii.    6  A  i«  a  Khort  focus  coq- 
densing  combination,    c  the  stage  or  support  carrying  the  phfr 


Flo.  262. 
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togrupbic  or  otlior  design  to  be  projected,  d  the  projecti< 
lens  torrued  of  tlirce  RCis  of  tonsea,  and  giving  a  [lerfcclly  flat 
rectilinear  Hold,  a  n  d  are  mounted  on  a  hnoc  board,  e  /,  to  tbe 
end  of  whk-b  tbe  lantern  box  a  b\»  attacheil,  freely  open  above 
and  below  to  permit  perfect  ventilation.  The  base  carries  lateral 
grooves  in  which  a  cd  ftlirie,  allowing  them  to  be  placed  at  vary- 
ing difitancoa  from  &,  and  tised  by  suitable  binding  ecrewa.  c 
and  d  are  also  connected  by  a  rod  r  carrying  un  adjustment 
screw  at  r,  by  which  change  of  distance  between  d  and  c,  re- 
quired in  givitig  the  correct  focus,  ia  obtnined.  The  base  e  f  u 
attached  to  a  second  or  under  base  g  hhy  a  hinge  at  A,  which 
allows  tbe  end  e  of  the  movable  base  «  /  to  be  raised  to  any 
required  angle,  at  which  it  may  be  maintained  by  a  block  at  /. 
So  convenient  and  compact  is  this  lauleru  that  it  can  readily  be 
stowed  away  in  a  emiill  trunk. 

When  a  series  of  objects  of  ditterent  sizes  is  projected,  as  with 
microscopic  photographs  taken  under  the  same  adjustments,  it  is 
a  great  gaiti  in  the  projection  of  smaller  objects  if  the  circle  of 
light  used  for  illumination  is  reduced;  and  at  tbe  same  time 
inereasLtd  in  brilliaiLcy.  This  is  accomplished  aa  rapidly  aa  can 
be  desired  Ijy  removing  d  c  together,  along  the  slide  of  the  base 
«/ to  a  sufficient  distance  from  the  face  of  tbe  condenser  b  to 
allow  the  convergent  rays  from  tbe  latter  just  to  cover  a  circle 
which  wilt  include  tbe  object.  The  greater  intensity  of  illumi- 
nation thus  obtained  renders  the  definition  of  fine  markings  or 
other  peculiarities  on  amall  objecta  as  clearly  visible  at  consider- 
able diftauces  as  are  coarser  onos  on  those  of  a  larger  size  under 
a  weaker  light. 
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For  projection  of  the  spectrum  a  slit  is  placed  in  front  of  the 
oonflensing  lens.     This  is  brought  to  a  tbcuH  on  the  Hureen  hy 
tbe  pnyectiug  lens.     One  or  loore   prism*,  according  to  the 
character  of  the  experiment,  are  then  placed  on  a  plailbrm  iu 
front  of,  or  close  to  the  outermost  lens  of  the  projecting  com- 
bination, when  a  line  spectrum  will  appear  in  tlie  proper  posi- 
Kon.     To  obtain  the  best  results,  the  pnsm.<<  should  be  adjusted 
^or  minimum  deviation. 

The  form  of  this  lantern  also  permits  its  use  as  a  projecting 
microscope.  An  alum  cell  (546)  is  placed  between  tlie  con- 
denser b  b  and  the  statre  a.  A  microscope  objective  combination 
is  substituted  at  d.  Thu^  arranged,  I  have  sliown  the  circula- 
tion in  the  web  of  a  fi-oi;'*  fool,  so  that  litood-corpuscles  could 
be  seen  moving  in  single  tile  througli  the  Bmallet^t  iitpiliariet>, 
each  pcrfe^'tly  distinct,  and  about  an  inch  in  length. 

For  projection  expernuente  in  i>olarization,  the  outer  element 
6  of  the  condenser  is  removed,  and  a  nearly  parallel  beam  ob- 
tained. This  is  received  upou  a  reflecting  polarizer  of  fifteen 
or  twenty  plates.  The  polarized  beam  is  thun  cast  downwards, 
when  it  is  received  on  a  surface  of  polished  silver,  and  sent 
liirough  the  axis  of  the  prujecting  lens,  which  must  be  placed 
lower  for  the  purpose,  anti  armed  witli  a  Nieol  or  a  double 
image  prism,  lut  an  analyzer.  By  tbis  arrangement  I  have  ex- 
hibited on  the  screen  all  tbe  usuul  ex[)erimentH  in  potarisation, 
including  the  colored  rings  and  black  cross  of  culc-spar,  and 
demon»<'t rated  the  metbod  of  determiiiiug  tbe  strength  of  sugar 
soliili'ini^.  In  the  latter  case  the  amount  of  rotation  was  shown 
by  Taking  a  portion  of  the  transmitted  beam  and  by  suitable 
mirrors  causing  it  to  act  as  an  index.  Movements  of  the  spot 
nflight  tlirough  an  arc  of  forty-five  degrees  were  readily  obtained 
by  solutions  of  suUicicnt  strength. 

P  MS.  Photo-electric  Lantern. — Of  nil  artiticial  lights  the  electric 
arc  is  the  most  brilliant  and  its  use  in  lanterns  has  often  been 
attempted.  The  difliculty,  however,  is,  ihat<  no  regulator  has 
yet  been  contrived  which  can  furnish  a  perfectly  steady  light. 
Where  the  dvnamo-eleclric  current  is  employed,  the  variattuu 
therein,  pro<fuced  hy  ulipping  of  bands,  and  other  irregular 
actions  of  tbe  mechanism,  cause  a  di!«truss)ng  etiect  upon  the 
eyes  o\'  those  who  arc  watching  the  iirojecled  images.  By  the 
use  of  the  new  condensing  bat-terieaitm  possible  that  this  trouble 
may  be  overcome.  UnliT  this  is  <tone,  t))6  electric  light,  In  spite 
of  Its  intrinsic  brilliancy,  cannot  equal  the  zircouialight  iu  the 
projecting  lantern. 

M9.  The  Hegaioope  is  employed  for  the  projection  of  images 
[if  coins  and  other  opaque  objects.    It  requires  the  use  of  leusee 
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of  cooeideralile  iliaiueter,  and  a  most  brilliant  illunitnation  of  the 
object.  Tlie  magnifying:  power  obtained  is  not  very  great,  bol 
ie  pufficient  to  finable  Ihu  experimenter  to  i^xbibit  such  phe- 
nomena 0^  tbc  pulsation  of  tiic  heart  to  a  large  avidicnee. 


CHAPTER     XXy. 


TUK   EVE  AND  VISION. 

Pfttto  of  the  eye — The  ineehini(«l  mechanbn— The  Dptloil  nirclianum— Thi 
•clerotio  and  comn — CryFlalliDfi  lent — The  litimon  of  Itie  cvc — Tlie  iru— 
The  M^ound  tunic  or  cboruid— Tbtt  ihJnl  Lunio  or  ralina— Tcrttu  ■ppliatl  la 
opiitiB)  mcclmuhTu — Accomtnodiition — Nominl  «rUoD  of  optical  nwcbnni-u— 
Abnormal  action  of  ojiticnl  inwhaniim — SpccIaclM — Binocular  vuion — Tbi 
*t6r«o«cx>pe — Size  and  diitanoc  of  ubjecla. 

560.  Parti  of  the  Eye. — As  the  ear  is  the  organ  of  timt,  so  the  fjKi 
is  the  ortfon  of  space.  Its  fuDCtion  is  to  form  images  of  external 
objects  upon  tlic  retina,  and  bring  them  under  itie  eogriizance 
of  tlif  l)iaiti  or  organ  of  the  mind.  The  eye  is  generally  de- 
scribed aaconeiBtingof:  Ut,  the  mechanical  mecbanisni  by  which 
the  principal  axis  of  the  organ  is  directed  towards  the  object 
to  bo  viewed ;  2d,  the  optical,  by  which  the  image  is  formed 
Upon  a  fiereen,  and  brouglit  to  a  sharp  focus;  3d,  the  nervous, 
by  which  the  image  is  perceived  by  the  mind  ;  4th,  certain  ap- 
pendages 118  itie  oyelitle,  eyelashes,  fttchrymal  glands,  dticis,  and 
raucous  membrane  or  conjntictiva.  Of  tliene  the  let  and  3d 
eBpeciftlly  command  our  attention.  The  3d  and  4th  are  more 
pareiy  pnysiologicM  in  their  charautur. 

on.  The  Meehanioal  HechanUm  consists  of  raascles  and  tendons 
80  attached  to  ilie  cyelmll  mid  the  cavity  or  orbit  in  which  it  is 
placed,  as  to  niovo  the  principal  axi?  of  the  organ  in  difl'ercut 
directions.  Fimr  of  thei^e  iia8a  ftraiglit  forwards  from  the  apex 
of  the  orbit  to  the  ball;  they  direct  the  axis  upward.i,  dovvn* 
wanla,  to  the  right  or  Iel\.  By  means  of  tuo  others,  called  ihe 
oblique,  the  hall  is  rotated  upon  its  axis.  In  all  of  these  except 
one  the  action  is  direct.  In  the  superior  oblique  the  tendon  is 
long,  and  passes  through  a  tendinous  ring  in  the  inner  side  ot 
the  orbital  cavity,  giving  an  example  of  the  application  of  the 
pulley  to  the  change  in  direction  of  a  line  of  force.     An  excea- 
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rivo  contraction  of  any  one  of  tliese  muscles  constitutos  the  con- 
dition cntlefl  flqiiiiitiiig  or  strahiHnius. 

&&2.  Th«   Optical  Hecbauism    timy   bo   likened   to   a   camera 
Buni,  OH  regiinU  itd  partB  and  manner  of  action.     The  box  is 
•fepreeeulod  by  the  sclerotic  and  cornea;  the  Icnsca  by  the  crys- 
talline lens,  aqueous  and  vitruons  huniortt;  Urn  diaphraj^ni  is  tlio 
E,  and  the  screen  is  formed  by  the  retina,  or  nervous  niei;h- 
Eim,  and  tlio  black  pif^ment. 
53.  Th«  Sclerotic  and  Cornea  taken   together  form  a  nearly 
lerical  box  uboul  an  inch  in  diameter.    Thuy  constitute  the 
-_,erior  coat  or  first  tunic  of  the  eye,  as  at  a  and  d  in  the  outline 
of  the  eyeball.  Fig.  263.     All  the  wall,  exceptiug  a  small  an- 

Fio.  2&8. 


I'lacnuii  of  *  tMrlaenBal  ■mUuo  iit  rh*  crtl'>t> ' 


a.  M4rntkcmL 

k.  Choniliil  and  Mark  i^fnanl. 

r.  BHtaa. 

f.  Itl* 
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t.  Oiiil"  fii-rii' 
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a.  OumIoT  ?hIi, 
r.  tilnui  dmilari<b 
a  (Slur  |iTu»iK 

r.  AluqwiiKiryllpunaiN. 


fenor  jwrtion,  is  contposed  of  the  sclerotic,  which  is  a  dense, 

toutth,  opaque,  fibrous  tissue,  and  appears  in  what  is  known  as 

Uhv  white  of  the  eye.     The  anterior  portion  is  the  cornea,  d;  it 

Isiiay  be  regarded  as  the  cuutinuatiou  of  the  sclerotic,  since  it  ia 


468  OPTICS. 

made  up  of  the  same  tissue.  It  differs,  however,  in  that  it  is 
transparent,  and  its  curvature  also  is  greater.  As  its  SDrfacea 
are  parallel  to  each  other,  it  is  a  simple  meniecua,  having  of  itself 
but  little  lens  action.  Its  real  function  is  to  form  the  aoterior 
surface  of  the  aqueous  humor,  and  give  to  that  fluid  a  true  len- 
ticular form  and  function. 

554.  Crystalline  Leni  is  a  double  convex  lens,  g^  Fig.  253,  ot 
unequal  curvatures,  the  anterior  surface  being  less  convex  than 
the  poaterior.  It  is  one-third  of  an  inch  in  diameter,  one-Bixth 
thick,  and  enclosed  in  a  membrane,  called  its  capsule.  It  has 
sufficient  consistency  to  retain  its  figure  when  removed  from  its 
position,  though  it  yields  readily  to  pressure.  It  is  built  of 
layers  the  density  of  which  gradually  increases  towards  the  cen- 
tre, as  shown  in  the  following  determinations  of  their  refractive 
indices,  by  Brewster : 

Exterior  layers  of  crystalline 1.S767 

Central  layers  of  crj'stalline 1.3990 

By  this  increase  in  refractive  power  towards  the  centre  spherical 
aberration  is  diminished. 

The  position  of  the  lens  is  governed  by  the  suspenaory  liga- 
ment t,  ciliary  muscle  «,  and  ciliary  processes  5.  The  action  of 
these  is  largely  involved  in  the  accommodation  o{  the  focus  of  the 
eye  to  objects  at  different  distances. 

555.  The  Humors  of  the  Eye. — These  are  two  in  number,  the 
aqueous  and  the  vitreous.  The  first  lies  between  the  posterior 
surface  of  the  cornea  and  the  anterior  surface  of  the  lens.  It 
is,  therefore,  a  fluid  concavo-convex  lens.  The  second  h,  occu- 
pies the  space  between  the  posterior  face  of  the  lens  and  the 
retina  at  the  back  of  the  ball;  it  also  forma  a  concavo-convex. 

Both  of  these  have  a  density  lees  than  that  of  the  lens.  As 
regards  its  physical  appearance,  the  aqueous  is,  as  its  name  indi- 
cates, quite  fluid  in  character.  The  vitreous,  on  the  contrarj, 
has  a  consistency  similar  to  that  of  the  white  of  an  egg.  It  is 
enclosed  in  a  membrane  called  the  hyaloid.  In  connection  with 
the  crystalline  lens  which  lies  between  them,  these  keep  the 
hollow  sphere  or  cavity  of  the  sclerotic  and  cornea  distended, 
and  maintain  its  8|iherical  form. 

The  refractive  power  of  the  media  composing  the  eye  as 
compared  with  water,  is  as  follows,  according  to  the  determina- 
tions of  Brewster : 

Water 1.3358 

Aqiieoua  humor 1.3366 

Vitreous  humor 1.3394 

Crvstalline  average 1.3839 
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AM.  The  Iris  is  in  the  aqu«oii8  humor,  and  close  to  the  crvs- 
.tftlline  leu)*,  g.     It   is    represented  at  /,  Fig.  253.      It  forma 
le  colored  (blue,  gray,  or  brown)  portion  of  the  oye,  which  we 
jr\"e  when  we  look  into  that  orjtan.    In  the  centre  there  is 
E^Opeuing,  called  the  pupil.     In  the  normal  ritate  tliiti  always 
"•npears  black,  heciLnne  through   it  we  see  t}ie  dark  cfjatitig,  or 
lilack  pignictit,  which  with  the  retina  fornix  the  Hcret^n. 

The  irie  dtviden  the  aqueouf*  humor  into  thu  anterior  and 
posterior  chambers,  i.  It  is  not  perfectly  flat,  its  central  region 
iDulffing  slightly  forwards, 08  in  the  figure.  It  is  highly  vaecalar, 
anu  composed  of  radiating  fihrca  which  pass  from  its  circumfer- 
ence to  the  circular  elastic  baud  foi-ming  the  margin  of  the 
pupil,  and  acta  aa  its  sphincler.  By  contraction  of  this  the 
diameter  of  pupil  is  diminished,  by  relaxation  it  is  increased. 
It  thus  regulates  tlie  size  of  the  pencil  of  light  entering  the 
eye.  Being  close  to  the  lens,  it  acts  as  a  stop  thereto,  and  by 
excluding  rays  from  its  margin  aiils  in  correcting  spherical  aber- 
.  ration. 

567.  The  Second  Tonic  or  Choroid. — If  wc  make  a  section  of 
the  oyehall  from  helbre  bai'kwardH,  through  its  centre,  Fig,  258» 
[wo  find  that  nearly  all  that  portion  of  the  wall  which  lies  behind 
the  iris  and  includes  the  vitreous  humor,  is  composed  of  three 
layers  or  coats.  The  exterior  is  the  sclerotica,  which  we  have 
examined.  Imntedtately  \vithin  this,  and  in  close  contact,  is  a 
second  coat,  b,  made  up  of  blaodvcssclB,  and  celts  filled  with 
black  pigment  which  give  to  it  a  dark,  velvety  look.  This  is 
the  choroid. 

In  its  anterior  ]iortion  it  separules  from  the  sclerotic  near 
where  the  latter  becomes  cornea,  and  turning  inwards  and  being 
supplied  with  muscle  cells  forms  the  iris,/,  described  in  the  last 
article.  As  it  leaves  the  sclerotic,  it  separates  into  two  lamimc, 
the  anterior  forming  tlic  iris,  and  the  posterior  a  series  of  loops 
which  surround  the  lens.  These  arc  known  as  the  ciliary 
prooesses.  j;  they  are  about  sevetity  in  number.  Beneath  the 
ring  of  these,  and  in  contact  with  the  sclerotic,  there  is  a  band 
of  radiating  muscular  fibres  called  the  ciliary  muscle,  c,  which 
has  a  most  important  relation  to  the  accommodation  of  the  eye 
for  objects  at  uitlerent  distances. 

fiSS.  The  Third  Tonic  or  Betiaa,  is  the  expansion  of  the  optia 
,  nerve.  Fig.  2.53,  it.  By  some  it  is  regarded  as  the  screen  of  the 
optical  mechanism,  us  well  as  the  organ  by  which  the  imago  is 
perceived.  Bv  others  the  black  pigment  of  the  choroid  coat  la 
considered  to  be  the  screen,  while  the  retina  perceives  the  image 
produced  thereon.  Those  who  believe  the  retina  is  both  screen 
and  organ  of  perception,  allow  that  the  duty  of  the  black  pig- 
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iiiciit  ifl  merely  to  ext'mgiiisli  the  ltj;ht  nAor  it  lia«  served  iu 
pwrpose.  A  very  interesting  view  of  tlie  luiiclioii  of  the  hlnck 
pigment  will  be  found  in  Prof.  J.  W.  Draper's  "  Iliunan  Physi- 
ology," page  300.  Ho  directii  attention  to  several  points,  whicli 
Bhow  that  its  true  tiinction  is  to  act  an  the  acreen,  wliile  lie 
retina  perceives  tlie  image  rornie<i  thereon.  (!)ne  of  the  moel 
Hignilicant  of  the  tacts  browglit  forward,  is,  that  the  sensitive 
cotumus  of  the  retina  are  dirt-'ctcd  backwards  toward  the  piL'- 
ment,  and  not  forwards  toward  the  lens,  as  would  be  tlie  case 
if  they  formed  the  true  acreen. 

There  are  four  layers  of  the   retina,  according   to  MulUr. 
These  are  arranged  radially,  from  within  outwards,  in  the  fol- 
lowiu":  order:  let,  fibres  of  optic  nen'e;  2d,  vesicular  laj'er;  3(^^ 
granular  layer:  4ih,  Jacob's  layer  of  cones  and  rode,  ^^ 

$69.  Terms  Applied  to  Optical  UechaaUm. — 1st.  Optic  centre  <^ 
leiis.  which  may  be  detern)ine<l  according  to  method  iriveu  iu 
(638).  ^  *  * 

2a.  Optic  (Kds,  aleo  called  the  principal  hxIa  of  the  eye,  is  tii« 
axis  of  its  figure.  It  is  the  straight  line  ft.  Fig.  253,  passing 
through  the  centre  of  the  pupil  and  tlie  optic  centre  of  the 
crystalline  lens.  ^H 

8d.  Opiic  angk.,  is  that  formed  between  the  two  optic  on^H 
when  the  eyes  are  directed  towards  the  ttanie  point.     It  is  lew 
and  less  as  the  object  is  more  and  more  distant.  I 

4th.  Visaed  angk,  is  the  angle  A  O  B  formed  between  soeoud*     ' 
ary  axes  (lni.wn  troin  the  optic  centre  O  of  crystalline  lena  to  the 
outer  limits  of  the  object.    It  increases  with  its  magnitude,  and 
diminit(hot4  witti  its  distance,  us  iti  Fig.  254,  in  which  the  angle 
subtended  is  much  greater  at  A  B  than  at  A'  B'.    If  the  visual 
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angle  is  less  than  half  a  minute,  the  true  form  of  an  object 
cannot  be  discerned.  A  white  square  of  one  yard  on  each  etige, 
at  a  distance  of  five  miles,  appears  as  a  bright  spot,  not  distin- 

fuishable  from  a  circle  of  tiiat  diameter  placed  at  the  same 
istance. 


660.  Accommoflation.^ — Tiy  this  is  meant  the  adjustment  of  th 
optical  inevhaniam  until  images  of  objects  at  diticivnt  distances 
are  brought  to  an  accurate  focus  on  the  screen  of  the  eye. 
There  are  three  ways  by  which  this  can  be  acconipiisbed: 

let   T'he  tlongaHon  of  tlie  apparatus  in  its  principal  axis,  and 
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thereby  moving  tho  aeroen  further  from  tlie  ooniea.  The 
method  would  be  similar  to  that  adopted  in  an  ordinary  camera 
obseura.  The  manner  in  which  tlio  resiili  wtis  inm^itied  to  be 
attained  wa*,tliatwhen  tlie  roeti  rnusclesall  acted  together,  thoy 
compressed  the  zone  of  the  ball  lo  which  they  were  attached, 
causing  it  lo  be  elongated  from  before  backivurds,  and  iisaume 
an  ecg-shape.    This  is  now  abandoned. 

2d.  Change  in  distance  between  the  crt/siallinr,  iens  and  the  screen. 
It  having  been  satisfactorily  shown  rbat  the  eyeball  does  not 
chaiig;e  its  tij^ure,  it  was  then  stated  that  the  result  was  attained 

tby  moving  the  Ions  towards  or  from  ttie  screen.     This,  it  was 
supposed,  was  aeeomplished  bv  action  of  the  ciliary  muscle. 
3d.  Change  in  curcuttire  of  tfu  icns.     That  this  certainly  takes 
place  is  proven  by  the  Ibllowino^ experiment:  Take  ayouti*; per- 
son with  normal  vision,  hold  a  lighted  candle  in  front  and  a 
'     little  to  one  side  of  one  of  his  eyes.     Look  into  his  e3'e  from  the 
^opposite  side,  throe  images  of  the  candle  flame  will  be  seen  :  the 
"first  very  bright  and  erect,  this  is  produced  by  reflection  from 
the  cornea;  the  second  not  so  bright,  also  erect,  comes  from  the 
anterior  snrtace  of  tlie  lens;  the  third  fainter,  is  inverted,  and 
ia  from  the  posterior  t^tirface  of  the  len:t>.     Direct  the  person 
to  took  into  remote  distance.     Observe  nccurately  the  relative 

•  size  and  position  of  the  images.  Then  let  him  change  the  point 
of  observation  to  an  imaginary  object  close  at  hand,  but  in  the 
same  line  of  light  as  before,  it  will  at  once  be  noticed  that  the  tirst 
and  third  images  do  not  change,  while  the  second  alters  its 
position  and  grows  smaller.  It  is,  therefore,  evident,  that  the 
anterior  surface  of  tlie  lens  has  changed  its  tigorc,  and  l>o- 
eome  more  convex,  as  it  i^  this  which  forms  the  image.  Tlicse 
difierences  are  represented  iu  Fig.  255,  in  wtiich  tho  lens  is 

Fio.  2i5. 
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divided  by  aline  wbicli  shnws  on  one  side,  F,  the  coTidition  when 
the  i)oint  of  vision  is/wr  off,  and  on  the  other,  X,  when  it  is  near, 
a  is  the  aqueous  humor,  d  ciliary  muscle,  e  ciliary  process. 

Helmholtz  thinks  that  the  manner  in  which  the  change  in 
figure  is  accomplished  is  as  follows:  "The  lens  is  invested  by  * 
thin,  transparent  mombrane,  which  extends  outwards  from  its 
.edge  aa  a  circular  curtain,  and  is  attached  all  around  to  the 
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ecterotic.    This  membrane  is  Daturally  drawn  tight  by  the  eJisdf 
rigidity  of  the  aclcrotic,  and  prcasea  jjently  on  the  elaatic  Ictii 
flattening  it  eligbtly.     Thin  is  th«  normal  passive  conditiou.M 
when  gazing  at  a  difllance.     Now  there  arc  certain  nnisculur 
iibr08  (ciliary  muaclc)  which,  arising  from   the  exterior  fixed 
border  of  the  iris  just  where  it  ib  attached  to  tbe  sclerotic,  nin 
backward,  radiating,  and  take  hold  upon  the  oarer  edge  of  tbe 
lens  curtain.     When  these  contract,  they  pull  forward  the  tenae 
curtain  to  a  smaller  portion  of  the  globe,  and  thus  relax  its  ten- 
sion.   This  relaxing,  relieves  also  the  pressure  of  the  ca|>EiuU  on 
the  Ions,  which,  therefore,  immediately  swells  or  thicketis  in  pro- 
portion to  the  degree  of  relaxation."     According  to  HelmhnlM, 
then,  we  (uijust  the  eye  to  7i€ar  objects  by  ivntractiim  of  the  citiartf  umside. 
The  nornkal  eye  iti  a  paBsivo  state  is  adjusted  to  intiuicely 
distant  objects.     By  change  of  form  of  the  lens,  it  can  adjust 
itself  to  all  distaneeH  up  to  about  five  inches.     The  range  of 
a^juetment  or  of  distinct  vision  is,  therefore,  within  these  limits. 
It  is  only  at  comparatively  near  distances,  however,  that  the 
change  is  great.     Between  twenty  feet  and  infinity  the  adjust- 
ment is  almost  imperceptible. 


561.  Kormal  Action  of  Optical  Hechanism. — The  following  phe- 
nomena present  theniselveiii  in  connection  with  this  subject;  some 
purely  optical,  others  partly  or  wholly  connected  with  the  ner- 
vous mechanism. 

Ist.  The  image  of  the  object  is  formed  at  its  conjugate  foci. 
2d.  The  images  are  inverted. 

3d.  The  eye  is  not  an  achromatic  apparatus  in  the  usual  ac- 
ceptation of  the  term,  since  the  refractions  are  all  iu  the  »anie 
direction.  The  experiments  of  Miiller,  Young,  and  others, 
have  shown  that  neithsr  is  it  so  in  an  absolute  sense.  In  spite 
of  this,  we  nevertheless  see  objects  free  from  chroniatism. 
Ganot  snys;  "The  cause  of  this  achromatism  cmmot  be  accu- 
rately stated." 

4th.  The  beat  visual  distance  for  small  objects,  oa  fine  print,  is 
ten  or  twelve  inches.     This  is  called 
Flo  fffirt.  normal  vision. 

■i^^^^^^^"'  5th.  The  aecomniodatjon  for  ditter- 
I  ^^_  ^p^^H  ences  in  distance  by  meatis  of  the  sua- 
I  ^H  ■  H  pensury  ligament  and  ciliary  muscle  is 
I   ^^    ^^^J       perfect,  while  the  eye  is  in  the  normal 

irmLiimiLn.  6th.  IfHidiation.     White  or  bright  ob- 

jects appear  larger  tban  they  really  are, 
when  viewed  on  a  dark  ground.  A  white  square  on  a  hinck 
ground  seems  to  bo  larger  than  a  black  square  of  exactly  the 
same  isize  viewed  on  a  white  ground. 


« 
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2.  Almonnal  Action  of  Optical  Kechoniim. — The  term  emme- 
18  employtd  to  indicate  the  perfect  acting  or  nornifll  eye. 
n  it  the  focus  ranges  from  five  lucljfii  tu  inlimty.  It  removed 
from  Ibe  orhn,  it  h  found  to  We  adjuwled  for  objceifl  at  an  iiitiiiito 
distance.  To  adjoal  it  for  those  nearer  requires  muscular  ettort 
From  this  perfect  condition  we  find  the  followirig  departures, 
some  depending  upon  imperfect  construction,  and  others  uport 
functional  derangement. 

let.  Myopy,  or  near- sighted neea,  is  a  structural  defect.  Owing 
to  excessive  refractive  power,  the  focus  for  objects  at  a  great 
distance  falls  in  front  of  the  retina  instead  of  on  it.  The  rays 
when  they  reach  it  are  divergent,  and  to  form  a  sharp  image 
ihe  object  must  be  brought  nt-arer.  In  the  emmetropic  eye  the 
reoge  of  vision  is  frotu  tive  inches  toititinity;  in  (^myopic, 
from  one  inch  to  iive,  from  three  inches  to  a  yard,  or  between 
any  other  two  fixed  points.  Within  these  limits  the  property 
of  at^uslment  is  as  perfect  as  in  the  normal  eye. 

The  myopic  eye  Las  been  compared  to  a  camera  used  for 
talcing  ODJects  close  at  hand,  and  when  shortened  as  much  as 
pouibic  is  still  too  long  to  bring  those  at  a  distance  to  a  focua 
on  the  ground  glasc). 

2d.  ^esb^optfyor  old-aiglitedneas, sometimes  incorrectly  called 
long-sightedness,  is  a  functional  disease.  In  it  the  power  of  ad* 
justmcnt  for  near  objects  is  lost,  or  impaired.  In  other  respeota 
It  is  normal.  The  focus  for  distant  objecta,  or  for  parallel  rays, 
is  on  the  retina.  As  far  us  known,  iho  trouble  is  a  want  of 
elasticity  in  the  crystalline  lens,  whorchv  ii.  fails  to  heonnni  more 
convex,  or  shortens  its  focus  when  the  ciliary  muscle  rclaxca  the 
tension  of  its  curtain. 

The  presbyopic  eye  resembles  n  camera  made  to  bring  distant 
objects  to  a  focus  on  the  ground  glass,  but  by  misuse  or  rui^t  the 
adjustment  apparatus  fails  to  focus  those  which  are  near, 

8d.  Hyfpermelropff  is  a  structural  defect;  it  is  the  true  reverse 
of  myopy.  Tn  it  the  refracdve  power  of  the  lens  is  below 
normal,  and  parallel  rays  arc  broueht  to  a  focus  beyond  the 
black  pigment  instead  of  on  it.  while  the  power  of  adjust- 
ment IS  perfect,  objects  at  a  distance  are  brought  to  a  sharp 
focus  on  the  retina,  but  this  is  not  possible  with  those  near  at 
baud. 

Le  Conte  likens  the  hypermetropic  e3'e  to  a  camera,  which 
when  entirely  pushed  up  is  too  short  for  imaging  any  objects; 
when  drawn  out  will  bring  distant  ones  to  a  focus,  but  not 
those  near  at  hand. 

4tb.  Astifpn'jtmn  is  a  structural  defect.  In  it  the  curvatures 
of  the  lenses  are  not  symmetrical.  An  upper  or  a  lait-ral  half 
of  the  lens,  or  cornea,'  is  not  exactly  like  the  opposite  half. 
The  rays  arc  consequently  not  hrouglit  to  u  focul  point  but  to 
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ft  line.  Thev  may  be  brought  to  two  separate  foci,  thuu  vm- 
slituting  di/Hopy,  01*  double  vision.  Diplopy  also  arisen  from 
tb«  concerted  action  of  two  dissimilar  eyes. 

563.  Spectacles  arc  convergent  or  divei^Gnt  Icnacs  of  glaaa 
quart/,  iitadu  fur  correcting  forms  of  abnormal  vioioD.    Eodi 
requires  its  proper  kind  of  lens. 

let.  M^opif  requires  concave  or  divorjfent  glassin.  whicb  juil 
correct  ibe  excessive  refriictipn  action  of  the  eve.  Tlie  trouble 
being  structural,  thev  should  l>e  worn  habitually. 

2d.  FresOi/opy  needs  convex  glasses  to  bring  objects  near  it 
band  to  a  focus.     When  those  at  a  distance  are  examined  the; 
are  removed.    They  should  not  be  worn  habitually,  but  on 
when  exvniniuLi^  ol>ject8  close  at  hand.      In  very  old   peop' 
when  the  curvature  of  the  lenses  diminishes,  it  froqnenily 
comes  necessary  to  use  convex  lenses  for  dititant  objects. 

3d.  Hypfrmdropg  iieccByitates  the  liabttual  u«e  of  convex  spec- 
tacles to  make  the  action  normal.  As  age  advances,  two  pairs 
are  requisite,  one  for  distanr  objects,  and  one  for  those  close  at 
band. 

4th.  AsOgmalism.  In  this  the  curvatures  of  tbe  (ItfTeront  parle 
of  the  eye  not  being  alike,  compotind  sectional  lenses  must  he 
arranged  which  correct  these  departures  from  the  normal,  and 
]>roduce  ou  the  retina  a  single  well-defined  image.  When  the 
diplopy  depends  upon  a  niinplo  dillbrntice  l>etween  the  eyea,  it 
can  be  corrected  by  selecting  a  lotis  for  each  independently  of 
the  other. 

Spectacles  were  formerlv  made  either  from  double  convex  or 
double  concave  lenses.  I^hese  liave  now  been  replaced  by  the 
concave  or  convex  mcniacns  (.t^7j,  placed  with  their  curvature 
in  the  name  direction  aa  that  of  the  eye.  By  these  so-called 
pcrisf-Qjw  {ilmgfs  IV  wider  range  of  vision  is  attained. 

In  closing  tliirt  urticle  ou   spectacles,  we  give  the  followin 
excellent  advifi?  from  an  eminent  writer: 

"Men  engugud  in  literary  pursuits  should  read  most  by  da^ 
and  write  most  by  night.  It  is  worthy  of  note  that  reading 
causes  more  straiu  to  the  eye  than  writing,  and  that  copying 
w(»rk  in  writing  makes  a  greater  demand  upon  the  organ  of 
vision  than  oft-hand  composition.  Twilight  and  a  mixture  of 
twilight  and  ariilicial  illuminntinn  should  he  avoided  for  any 
kind  of  work.  The  pale  cohaU-bInc  tint  is  the  l)eat  that  can  he 
employed  when  protection  for  the  eye  from  intense  glare  is 
sought,  as  ill  the  caso  of  travelling  upon  anow-iields  in  bright 
suniihine.  The  green  glass  that  is  ol^en  adopted  for  this  pur- 
pose is  not  by  any  means  so  worthy  of  confidence.  Keading  in 
railway  travelling  U  ohjectionuble  in  the  highest  degree  for  a 
very  obvious  reu&on.     The  oiclllntioti  of  the  carriage  continually 
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lije  dlfltance  of  the  page  from  the  eye,  and  8o  calls  for 
.•easing  strain  in  the  effort  to  ketp  the  organ  in  dne  accom- 
niodution  for  the  ever- varying  distnnee  of  tlie  dancing  image." 

"Theexatrt  tiitingof  the  framework  ofspectHcIes  to  i lie  faceand 
eye*  is  ot  more  importance  than  is  generally  conceived.  If  the 
centres  of  the  lensett  of  the  Bpectacles  do  not  accurately  coincide 
with  tlie  centres  of  the  pupils  vf  the  eyes,  the  consequence  is 
rhat  the  images  in  tlie  8epani(e  eyes  ore  a  little  displaced  from 
the  positions  whi<-li  tliey  might  to  hold,  and  that,  a  somewhat 
painful  and  injurious  efiort  has  to  be  made  by  the  eye  to  bring 
those  iniagCH  lisek  into  due  correspondenee  tor  accurate  vision. 
An  incipient  ecjuint  is  apt  to  be  in  this  way  produced.  People 
should  look  to  the  centring  of  their  t»pectaclce  for  tliemselves. 
This  may  be  easily  done  hy  atimdirit;  hetbrc  n  looking-glawi  with 
the  apeciaclcs  in  ibeir  place.  If  the  fit  is  a  good  one,  ihe  centre 
of  the  pupil  should  then  appear  in  the  centre  of  the  rim.  Fully 
formed  spectacles  are  always  to  be  preferred  to  folding  frames, 
licoause  tliey  permit  of  more  satisfactory  at^iustmeiit  in  this  par* 
licular,  and  because  Ibey  are  more  easily  kept  in  the  right  posi- 
tion with  regard  to  the  eye*.  The  only  ndvantage  xvhieh  the 
pebble  or  quartz  enjoys  over  glass  for  the  construction  of  s])ee- 
tacles  is  the  immunity  which  it  possesses  against  scratching  on 
account  of  its  greater  barduess." 

S64.  Binoenlar  TUion. — ITold  a  six.Rided  pencil  vcrticaTlv  at  a 
diBtauce  of  ten  intjlies  from  the  eye,  and  view  it  first  with  the 
right,  and  then  with  the  lett.  A  difference  is  perceived  in 
each  ca*e,  the  rigltt  seeing  more  or  further  on  the  right  side, 
while  the  left  sees  further  on  the  left  side.  The  image  produced 
is  really  flat,  and  presents  only  two  dimensions,  length  and 
breadth,  as  in  a  picture.  When  wo  view  the  object  with  both 
eyes,  the  two  images  are  l)lended  into  one,  and  the  impression 
of  relief,  depth,  vr  the  third  element  of  space  is  produced. 

Regarding  the  impression  of  relief,  AVeinholu  says,  "It  is 
true  that  we  scarcely  fail  to  perceii-c  this  when  wo  look  at 
objects  with  one  eye  shut,  but  this  is  the  rcsnl  t  of  a  rapid  mental 
prooees  of  which  we  have  become  unconscious  in  conseijuence 
of  our  constant  experience  of  the  succession  of  things  in  depth. 
Still  our  estimation  of  depth  in  space  is  not  trustworthy  if  we 
rely  on  the  information  conveyed  bj*  one  eye  only.  An  ac- 
curately drawn  picture  of  an  object  makes  the  Bame  impression 
upon  a  single  eye,  at  least  ua  regards  the  external  form,  »s  the 
object  itaelf,  for  one  eye  is  as  little  able  to  estimate  directly  the 
relative  distances  of  the  various  parte  of  the  object  as  the  picture 
is  of  giving  a  direct  representation  of  these  distances.  As  a 
coDBequence  of  this,  a  picture  produces  the  greatest  resemblance 
to  reality  wlien  viewed  with  one  eyo  only ;  as  soon  as  the  other 
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evo  is  opened,  the  picture  presontitof  coarse  tho  same  aspect  to 
either  eye,  and  the  difference  between  it  and  the  uppearanM  of 
tho  real  object  in  ut  once  detected.  Thus  after  viewing  «itli  out; 
eye  the  picture  ol'  a  churcli  interior,  or  of  a  row  of  I'illiirs.itie 
depth  of  the  snace  represented  will  make  the  impression  of 
reality.  This  illuBiou,  however,  will  at  ouce  be  destroyeii  >}\i 
opening  the  other  eye ;  the  parts  of  the  picture  which  form  the 
forc^roand  appear  to  recede,  the  background  seems  to  more 
forward,  and  the  whole  merges  into  the  Hat  surface  of  ibe 
picture." 

S6S.  The  Stereoscope  is  an  inMrunient  by  which  tlie  impreseioQ 
of  relief  is  produced  by  a  combination  of  two  pictures  of  bdj 
object  taken  at  a  proper  angle  to  each  other.  Each  eye  sees 
only  the  picture  opposite  it,  but  b}-  suitable  catoptric  or  (fioptrie 
eonti'ivance«>,  the  images  arc  made  to  coincide,  and  appear  in 
the  name  pUice.  Weiuhold  makes  the  principle  involved  very 
clear  in  the  following  diagram  and  explanation  based  on  the_^ 
dioptric  niethml.  m^ 

"Let  the  left  eye  be  at  A,  Fig.  257,  and  the  right  at  B;  lefH 
a  and  b  be  the  corresponding  pictures  for  each  eye,  and  I*,  and  P, 

two  prisma  of  glass  through  which  liiey  j 
are  secu.  A  prism  refracts  rays  of  light 
BO  that  objects  viewed  through  it  appear 
to  be  nearer  to  the  refracting  edge ;  the 
prism  I*|,  therefore,  refracts  tie  ray  | 
a  P,  in  ibe  direction  P,  A.  as  if  it  pro- 
ceeded from  (',  The  prism  P,  refracts 
the  ray  b  1\,  so  that  to  tho  eye  at  B  it 
also  appears  to  prot^eed  from  c  The 
eflect  of  (his  is — provided  that  the  two 
pictures,  a  and  A,  are  drawn  just  as  a 
body  at  c  would  appear  to  the  eyes  at 
A  and  B,  if  tlie  prisms  were  not  there— 
that  the  object  really  appears  to  be  at  c. 
And  as  the  points  a  and  b  combine  to 
form  the  point  c,  so  d  and  c  unite  to  form  the  point/,  g  and  A  to  j 
fonri  ihy  point  j." 

Similar  cftectfl  of  relief  may  i)c  produced  by  the  projection 
on    the  same  spot  of  two  pliotogniphic  images  of  any  obje^, 
taken  at  a  suitable  angle  to  each  otlier.  ^H 

568.  Size  and  Distance  of  Object*. — Our  ostimatiou  of  these 
depends:  1st,  upon  cornparieoii  with  thi«e  of  known  size  in 
the  same  locality  ;  2d,  npon  the  visual  angle ;  8d,  upon  tho  optic 
angle.  Regarding  the  latter.  Gauot  says :  "  This  angle  increasing 
or  diminishing  according   as  objects  approach  or  recede,  we 
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move  our  eyes  so  as  to  ra»ke  tlieir  optic  axes  converge  towards 
the  object  whiclj  we  arc  looking  at,  and  thus  obtain  an  idea  of 
itft  distance.  NeverThcloss,  it  is  only  by  long  custom  that  we 
can  establit^h  a  relation  between  our  distance  from  the  objceti* 
and  the  corresponding  motion  of  the  eyes.  It  is  a  curious  I'oct 
that  persons  born  bhnd,  whose  sight  has  been  restored  by  an 
operation  for  cataract,  Imagine  at  tlrst  that  all  objects  are  at 
Mine  distance." 

The  phenomena  presented  by  the  action  of  the  retina  ap|wr- 
tain  ratlier  to  phi'sioln^v  than  to  physics.  An  admirable  flis- 
CQSsiou  of  these  and  of  alt  matters  connected  with  vision  will 
!  be  found  in  Le  Conte's  book  on  "  Sight." 


CHAPTER  XXVI. 


THK  MICR08COPK  ANI>  THE  TELESCOPE. 

iple  microtcopo — Tbo  ctimpound  microKopv^ParU  uf  modern    micro* 
•Cftpo — Dry  objeclivee — Iintnersii-tn  objectives — Choosing;  and  tMtlng  objec- 
^L  li»e^— Kye-fiiofir* — Tube  nnd  iM'*<-«ti>H<'ji — Tl>*  l»Hly — Tlia  ilaKe— Foe u Ming 

H  Kppanluft— Tli«  tbiiid   or  foot— IllumiriHliuQ^^imple  axial    illuininalion — 

H  I>iaphrBgtni — CondvnM'd  axiHl  illuminalion — Oblique  iltuminRtion — Ha- 
H  llwUd  il  lu  ml  nation— Polttrized  illunilnutlun— SuurcM  of  ttlumlnation — 
H  Au^eniatioa  of  magnirying  power— Mffuurvment  of  msgnifjring  power— 
H  Car*  nf  inlcro«cop« — Oare  of  llio  ey«»^Rrron  in  InlArprQlaUitn — Non-vital 
^^  inoUun — BinooiilHr  and  cbemical  microwopM — Kiiaiiun  of  iniH);vi — Prepa- 
^^^Kntion  ot  tlide*  and  cuvert — Prvparaliun  >'f  objecu — Durduning  nnd  fr»clion- 
^^^^^Bltlnf— Simple  miorototae— ^njection — SuiDiric — Chemical  leatlnp^Pr»- 
V        Mrrattvs  medium— The  mlorMoopa  and  rilfoue  germn— Tolwcope. 

Toe  microscope  ami  the  telescope  are  instronients  wliick 

•  depend  opon  refraction  for  their  action.  Their  fniiction  is 
to  assist  normal  vision.  The  former,  as  its  name  indicates, 
«nables  us  to  find  and  magnify  minute  objects,  and  determine 
their  structure  and  the  relation  of  their  parts  to  each  other. 
The  latter,  to  discover  and  salisiactorily  examine  objects  at  a 
distance. 

To  physicians,  the  microscope  is  by  far  the  more  important 
of  these  instrument**,  and  since  the  'requirements  of  modern 
niediuine  demand  not  only  a  knowledge  of  its  parts  nnd  tlieir 
use,  but,  also  the  methofls  of  preparing  various  <mject8  for  exam- 
ination, a  brief  description  of  these  has  been  given  in  the  latter 
part  of  this  Chapter. 
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567.  The  Simple  Miorosoope  uuii^Uts  of  a  convex  I«db  (52^1 
sliort  focus,  atiiiubly  mounted;  it  U  oftei)  calted  &  magnilyiii! 
gla^e,  and  is  coiiimonty  used  as  a  dissecting  microscope.    T' 
object  is  placed  betwcea  tlic  Icna  and   Its  principal  focus  (53D| 
when  an  erect  and  magnified  inmgc  (•'>34,   .535)    is  prodae 
A  very  good  iiupromptu  iustruineiit  uiu^  bu  formed  bv  nmkiD, 
a  circular  hole  in  a  piece  of  thin  metal,  card-bnnrd,  or  wi 
and  Buspeudiug  a  small  drop  of  clear  water  in  the  aperture. 

In  the  earliest  and  ainipleot  forms,  the  leus  is  a  double-eonvi 
of  equal  curvatures;  there  is  consequently  serious  sphericolfo 
and  ebronmtic  aberration  (538)  in  the  image.  To  reduce  tii9 
gpherical  tifmrration  diiiplimgnii*  and  stops  {HA'l)  are  eniplnycd.  Il 
is  also  greatly  diiniuislied  by  the  use  of  two  pluno-cunvox  lenses. 
wilK  the  plane  titcea  turned  towards  the  object.  Improved  de' 
nition  under  cnnal  power  is  thus  gained  with  mcMlerato  loe^ 
illumiuation.  Fhis  combination  is  knowu  as  the  Wollastun 
doublet.     Other  methods  are  described  in  (536). 

Oirfiniaiir  alMrralion  may  be  avoided,  when  desired,  by  the  aw 
of  an  achromatic  lens  (33tf). 

The  distinctness  of  the  image  depends  largely  on  the  poeid 
of  tbe  eye.    The  object  and  eye  should  be  in  the  line  of  the 
principal  axis  of  the  lena  (526)  and  maintained  at  the  proper 
local  distance. 

Tbe  ma(/nif^ino  powfr  is  usually  meusureJ  in  diameters  or 
linear  increase.  It  is  tbe  ratioof  the  apparent  to  the  rent  diameter 
of  the  object,  both  being  viewed  at  the  same  distance.  ^Vork- 
ing  powers  us  high  as  120  diameters  arc  reached  in  simple 
microscopes.  Magnifying  power  is  also  measured  in  terms  of 
tbe  focal  distance  of  the  lens,  e.  g.,  two  inch,  half  inch,  etc.,  the 
greater  power  belonging  to  that  of  shorter  fotms. 

VVbeu  used  for  dissection  the  lens  is  generally  mounted  m 
some  form  of  stand.  "  Lenses  most  serviceable  fur  luiud  magni- 
fiers range  in  t'ocat  length  from  two  inches  to  half  an  inch; 
and  a  combination  of  two  or  thnre  in  the  same  handle  with  an 
intervening  purfonited  plate  of  tortoise-shell  (wliich  serves  as  a 
diaphragm  when  used  together)  will  be  tbund  very  useful. 
When  such  a  magnifying  power  is  dcflii"cd  as  would  require  a 
lens  of  a  quarter  of  an  ineli  focus,  it  is  l>cst  obtainetl  by  the  sub- 
stitution uf  a  'Coddington. '  " 

The  Cixidi.nt/ton  lena.  *^The  first  idea  of  this  was  given  by  Dr. 
Wollaston,  who  proposed  in  apply  two  plano-convux  or  hcmi- 
Bphcricul  lenses  by  their  phiiie  sides  with  a 'slop'  interposed, 
the  central  aperture  of  wliich  should  be  equal  to  one-tifth  of  the 
focal  length.  Tbe  great  advantage  of  such  a  lens  is,  that  the 
oblique  pencils  pass,  tike  the  central  ones,  at  right-angles  ui  the 
Buriace,  so  that  they  are  but  little  subject  to  aberration.  The 
ideft  was  furtlier  improved  upon  by  SirD.  Brewster,  who  pointed 
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out  that  the  same  end  would  bo  niiidi  belter  answered  by  tnkiii^ 
a  sphcreot' gla«8  and  grindino;  a  deep  groove  in  it«  equatorial 
part,  wbicb  sboutit  be  tbcu  tilltid  with  opaque  matter,  so  as  to 
limit  the  central  aperture.  Such  a  lena  gives  a  turgc  field  of 
riew,  admits  a  considerable  amount  of  Hglit,  and  is  equally 
good  in  all  directions,  but  itspower  of  definition  in  bv  no  means 
eqaal  to  that  of  an  achromatic  lens,  or  even  of  a  doublet.  Tbia 
form  is  cbietty  ubcIuI,  therefore,  as  a  band  magiiittei-,  in  \Ybioh 
neither  high  power  nor  perfect  definition  is  required;  its  pecu- 
liar quabliea  rendering  it  superior  to  an  orOinary  lens  Ibr  the 
clasfi  of  objeeta  for  wliicli  u  bund  magnifier  of  niediuni  power 
18  required.  Many  of  the  magnifiers  sold  as  '  Coddington  ' 
leosee,  however,  are  not  really  portions  of  spheres,  but  manu- 
foctured  out  ol'  ordinary  double-convex  lenacs,  and,  therefore, 
destitute  of  the  special  advantages  of  llie  real  'Coddingtoiu'  " 

The  atanhope  lens  somewhat  reacrnblee  the  prei.*cding  in  up- 
pcaranco,  bnt  diiters  from  it  essentially  in  properties.  It  is 
nothing  more  than  a  double-convex,  baving  two  surfaces  of  un* 
eipial  curvatures,  separated  from  each  other  by  a  considerable 
tbickueHS  of  ^lass;  their  diiitaucee  eo  adjusted,  ibat  when  the 
most  convex  is  turned  towards  the  eye,  minute  objects  placed 
on  the  other  ahall  be  in  the  focus  of  the  lens. 


666.  The  Compoand  Kiorosoope  iu  iti*  simplest  form  conatats  of 
two  convex  Icnscii,  Fig.  258,  one  O   L,  of  short,  and  the  other, 
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E  L,  of  long  focus,  mounted  on  the  aame  optical  axis  O  E. 
The  shorter  tocu.i*  is  placed  near  the  object  O;  it  is,  therefore, 
called  the  o/y>c((Vc.  The  imago  forme<l  by  this  is  viewed  through 
the  other,  E  L,  by  the  eye  placed  at  E ;  it  is  calletl  the  eye-/wrr, 
\  The  principle  involved  in  the  action  of  tlie  compound  n)icro< 
scope  is  illustrated  in  Fig^.  260.  The  object  A  B  iw  placed  a 
little  further  from  the  objective  O  than  iXa  focal  distance  F;  a 
real  image  magnified  and  inverted  is  produced  on  the  opposite 
side  of  the  Ions  at  A'  W.  This  is  viewed  at  E  through  the  second 
lens  D  in  such  a  wav  that  it  is  between  the  lens  D  and  its  locus 
F'.  Thus  examinufj,  a  virtual  and  still  further  magttitied  image 
Ib  seen  at  a'  b'. 
The  final  image  n' V  is  erect  as  regards  A'  B',  but  inverted  at 
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regards  the  object  A  B.  A  compound  microscope,  therefore,  is 
a  "  simple  microscope  applied  not  to  the  object,  bat  to  its  im^e 
already  magnified  by  the  first  lens." 
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669.  Farts  of  a  Hodera  Microscope. — From  the  simplest  form, 
great  departures  have  been  made,  which  render  it  necessary  to 
take  up  the  consideration  of  the  several  parts  of  the  instrument. 
It  is  to  be  remembered,  however,  that  in  all  cases  the  principles 
involved  remain  the  same  as  in  that  already  described.  The 
parts  may  be  discussed  in  the  following  order:  1st.  Objectives, 
both  dry  and  immersion.  2d.  The  eye-piece.  3d.  The  shaft 
or  tube,  with  the  attached  parts.  4th.  The  stage.  5th.  The 
methods  of  illumination,  6th.  The  source  of  illumination.  7th. 
Arrangement  of  magnifying  power.  To  these,  miscellaneous 
subjects  relating  to  the  care  of  the  instrument,  preparation  of 
objects,  etc.,  may  be  added. 

570.  Dry  Objectivea. — The  simple  double-convex  lens,  described 
in  (568),  has  long  since  given  way  to  objectives  of  greater  and 
greater  complexity  of  structure.  This  has 
been  found  necessary  in  order  to  obtain  the 
high  magnifying  powers  required  in  biologi- 
cal and  other  researches.  Not  only  are  all 
microscopes  now  jitted  with  achromatic  objec- 
tives, but  these  are  sometimes  made  up  of  a 
number  of  such  lenses.  In  Fig.  260  an  ob- 
jective of  this  character,  consisting  of  three 
achromatic  lenses,  1,  2,  3,  each  composed  of  a 
double-convex  crown,  and  a  piano-conveK  flint 
is  represented.  In  addition  to  an  increase  in 
the  number  of  lenses,  contrivances  for  chang- 
ing their  distance  from  each  other  are  added, 
whereby  corrections  for  thickness  of  cover  on  the  object  are 
made,     a  b  c  represents  the  angular  aperture. 

While  greater  perfection  is  tlieoretically  attained  by  increase 
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~W~tJie  number  of  lenses,  there  is  an  additional  kws  of  light  liy 

virtue  of  tiic  numerous  surfuc^u}  and  inudiu  tLruu^li  wiiicti  it  is 

Kobliged  to  [uis6.     In  the  objective  we  have  described  there  are 

■twelve  surfaces  to  be  accurately' ground,  and  fitted  to  each  other. 

BTfaie  iniplioB  considerable  liability  to  imperfection  in  workman- 

ihip;  the  fewer  the  aurfacea,  the  leas  the  liubility  to  error  ax  well 

&«  the  lc«*8  the  loss  o(  li^ht.     To  gain  the  advanlagca  arising 

frtini  II  t^maller  nnmbci*  of  len»es,  Anitce  siihHtituted  a  ningle 

plano-convex  of  crown   gla»s  in   the   front   eomltinntion,  thus 

reducing  the  surXacea  to  ten.    This  Lui^  ii^iiu  been  nioditied  by 

•  adding  a  lens  to  the  back-combination.  Such  objectives  consist 
of  two  flint-concavee  and  four  crowu-convexes.  in  more  recent 
combinations,  the  cliro?naiic  correction  is  made  "entirely  in  the 
middle  lenu  by  a  double-cnncave  of  dense  flint  between  two 
convexes  of  crown,  both  back  and   front  lenses  being  Etiniple 

tpIano>convexeB  of  crown ;  the  surtacca  huvc  thas  been  again 
reduced  to  ten." 
No  objective  of  a  given  [lower  can  do  all  the  work  required 
of  It  to  perfection.  Kspecially  is  this  ho  with  high  powers.  The 
following  i{unlitl«s  are  involved  in  the  action  of  a  microscope 
ohjcctivL', 

■  Iflt.  Mngn{fyi»g  power.    This  haa  been  discussed  in  the  simple 
H  microscope  (otj?). 

B     2d.  Angle  of  apfrUtre  and  numrrical  aperture.     The   first  of 
IthuBe  hii4  been  described  in  article  (520).     It  is  also  shown  at 

■  «&(*  in  the  uchronialic  combintUion,  Fig.  2G0.  Kegarding  Pro- 
B  feasor  Abbe's  system  of  numerical  aperture,  Professor  Carpenter 

■  writes : 

H  *'Itcan  be  easily  demouslrated  nialhenmticatly,that  the  'aper- 
ture' of  a  single  lens  used  as  a  maguitylng  glass — that  is,  its 
capacity  for  receiving  and  bringing  to  h  remote  conjugate  tbcus, 
the  rays  emanating  from  the  axial  point  of  an  object  brought 
very  near  to  it — is  ilutcrniined  by  the  ratio  l»etween  its  absolute 
diameter  (or  clear  •  opening')  and  its  focal  length;  while  thai 
of  an  ordinary  achromatic  objective,  composed  of  several 
lenses,  is  determined  by  the  ratio  of  the  diameter  of  its  back 

tlena  (so  far  as  this  is  really  utilized)  to  its  focal  length. 
"  When,  however,  the  medium  iu  which  the  ol/jeulivo  works 
is  not  air,  but  a  liquid  of  higher  refractive  index — sncli  as  water 
or  oil — an  additional  circumstance  has  to  be  takeu  into  consid- 
eration ;  for  we  may  now  have  three  angles  of  aperture  expressed 
by  the  same,  number  of  degrees,  which  yet  denote  quite  different 
'apertures.'  For  instancy,  an  '  angle*  of  90°  in  oil  will  give  a 
greater 'apcrtnrii '  than  one  of  90*  iu  water;  and  the  latter  a 
greater  aperture  than  *J0^  in  air. 

r     '*  Taking  as  a  standard  of  comparison  a  '  ilry  '  objective  of  the 
[inftximum  theoretical  angle  of  ISC'*,  whose  numerical  aperture 
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is  the  sine  of  OO^^^radiua  or  1.00,  we  find  this  standard  Id  !• 
equalled  by  a  *  water'  inimereioii  objeciive  of  only  96",  aod  liy 
an  '  oil '  or  '  homogeneous  "  immersion  lene  of  only  82° :  lb* 
^numerictd  apertures^  of  thes£^  obtained  by  mullipft/inff  iht  sina-^ 
Ihrir  rrspective  semi-angUs  by  the  rrfracHre  hider  ofwattr  bumtait 
and  of  oil  in  theotherj>aitfjl.f)0  in  both.  Kacli,  Ihereforo.  willUvA 
as  great  a  power  of  receiving  and  ntilixiiig  <(iverg<!nr.  rn.v^w 
any  '  Jry '  lens  can  even  theoreticallv  jto((»e*i».' — an  ungW  (f 
nearly  70"  being  liie  limit  uf  what  is  prartii-utly  iitlainuMe. 
Jint  as  the  actual  angle  of  an  *  immersion  '  objective  ciin  !tB 
opened  out  to  the  same  extent  as  that  of  un  'uir'  objective,  it 
follows  that  the  *  aperture '  of  ilie  former  can  be  anpinentedjfer 
beyond  even  the  theoreticnl  maximum  of  the  latter;  the  maximfc 
of  numerical  aperture  being  l..'i2  for  oil-immersioii,  and  1.33  lor 
water-ininiersion  fihjcctiveH,  as  against  t.OO  for  *  dr^- ;' and  these 
being  nearly  attainable  in  practice. 

"Thin  important  doctrine  may  be  beet  made  praciii-ally i 
telligible  by  a  comparison.  Fig.  261,  of  the  relative  diamet 
of  tne  bark    lenses  of 'dry'  with  those  of  'water'  and  'oil 
iiomersion  objectives  of  (he  same  poicer,  from  an  *air-angl«'  . 
00°    to  an  'oil-angle'  of  180°;   these  »,Uanieters  expressing  t 
each  Rase  the  opening  between  the  extreme  pencil-forming  nvs 
at  their  issue  from  the  poalerior  surface  of  the  combination,  li 
meet  in  their  conjugate  loci  for  tlie  forniaiiou  of  the  image; 
extent  of  whith  Qpawin  in  Tctalion  to  foivl  Imgih  (not  that  oft 
rays  entering  the  objective)  is  the  real  measure  of  the  ayertiarvi 
cmnbination.     The  dotted  circles  in  the  interior  of  1  and  2  are 
the  same  diameter  as  8;  and,  rberefore,  show  the  excess  in  ihe 
diameters  of  the  back  lenses  of  the  *oir  and  Mvuter'  imnle^ 
sion-objectives,  over  that  of  the  'dry  '  at  their  respective  th 
retical  liniitti. 

"A  wide-angled  '  immersion' objective  can  utilize  rays  frora 
an  object  mounted  in  a  (lense  medium,  such  as  Iwilsara,  which 
arc  entirely  lost  when  the  t^ame  object  is  in  air.  or  is  observed 
tJirongh  a  film  of  air.     And  this  loss  cannot  he  compensated 
by  an  increase  of  illumination  ;  because  the  rays  which  are  I 
are  different  rays,  physically,  from  those  obtained  by  any  illu 
nation,  however  intense,  in  a  medium  like  air. 

"  It  is  by  increasing  the  number  of 'diffraction  spectra,' thai 
the  mye  admitted  from  the  obiect  contiibute  to  the  'reeolvi 
power   of  the  objective  for  lined  and  dotted  objects  ;  the  trill 
of  the  image  formed  by  the  recombination  of  these  spectra  buin^ 
as  formerly  shown,  essentially  dependent  upon  the  augmentutiuti 
of  the  number  which  the  objective  can  be  mode  to  receive. 

"Upon  the  '  aperture '  of  an  objective  arc  dependent  (1) 
illuminating  power,  (2)  its  rcsoh-ing  power,  and  (3)  its 
trating  power; — the  first  varying  as  the  square  of  the  nuiiieri 
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irtnrc,  the  second  being  in  direct,  and  the  third  in  inverse 
iroportion  to  the  numcricur aperture.*' 

8(1.  Wurfciitff  ilisttnice  is  the  actual  space  between  the  front 
element  of  the  ohjertive  and  the  object.  It  does  not  bear  a  tixed 
relntion  to  tlte  focal  length,  for  while 

.this  it;  equal  to  the  niagtiityiag  power 
a  single  lens  of  given  curvature, 
le  working  distance  depends  upon 
the  mnnnur  in  which  the  parts  or  cle- 
Tuents  of  the  combination  are  cou- 
stnicted,  and  upon  its  angular  aper- 
ture. InorcaAc  it)  not  only  of  advan- 
tage in  securing  aide  iriuminatiou, 
but  of  vital  iinpurtaiice  in  the  highest 

powers  to  gain  sufficient  space  for  the 

fcovering  glass,  as  well  as  for  attaining 
the  required  penetration  and  resolving 

-propertiee. 

P  4lh.  Dffinhig  jmcer  (\ei[}eni\&  mion  the 
perfection  of  the  correction  for  Bpheri- 
cal  andchrotnatieaberruliunfUsiieeiully 
upon  the  fipHt.  In  tninieraion  lenses 
finer  results  may  be  attained  with  wide 
angle  lenses  than  in  the  dry  system. 
The  character  of  the  eye-piece  exLTcisea 
au  important  iufluenco  on  this  quality, 
and  Bliouhl  always  betaken  into  con- 
sideration in  forming  a  correct  judg- 
ment of  defining  }H)wer.  The  etttima- 
tion  of  thiii  is  obtained  by  comparing 
the  action  of  ditVcrent  lenses  upon  some  object  with  which  the 
examiner  is  familiar. 
5th.  Penetrating  jxtwer,  or  focal  depth,  is  the  vertical  depth 

■Above  and  below  the  true  focal  piano  tbrnugli  which  objecta 

Knay  be  defined  with  sufficient  ctcnrness  to  make  out  their  cor- 
rect relations  to  others  iu  that  plane.  In  oput^^ue  objects  tbia 
quality  is  of  the  utmost  iniportutice.  In  watchmg  the  actions  in 
a  living  organism,  as  anioctoa,  it  is  also  eitsential.  In  an  exceed- 
ingly tlilti  membrane,  on  the  contrary,  all  portions  being  nearly 
in  the  same  plane,  it  is  objectionable,  sitico  it  deniauiJs  a  (-crtain 
sacritice  in  sharpness  of  detinition.  As  a  rule,  it  maybe  said, 
tliat  objectives  of  the  longest  working  distance  have  the  greatest 
penetration,  while  thoiic  of  wider  aperture  have  lower. 

6th.  iittcUing  ptnccr  is  the  property  of  separating  and  clearlr 
defining  very  clowely  placed  dote  or  lines.  It  strengthens  with 
increase  in  angular  af»erture,  not  on  account  of  the  gix-ater  ob- 
liquity uf  the  rayu  entering  the  lens,  but  of  its  power  to  recnm- 
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bine  the  diflraction  spectra  produced.     For  the  best  working  of 
the  lens  in  the  resolution  of  surface  markings,  the  uroper  degree 
of  obliquity  must  be  pivcn  to  the  inuniinatioii.     \Vlien,  on  llie 
contrary,  it  is  desired  to  determine  spccuU  points  in   relation  Ut 
iiiturual  structure,  as  the  procesa  of  division  in  eell-nuclei,  axiiij 
illumination   w  preferable.      l*rof.  Abbe  has  shown   thai  thai 
maximnni  revolving  power  attainable  with  an  angular  apertut 
of  180  degrees  Is  ei]ual  to  118,000  lines  to  the  ineh.     A  reduol 
tion  of  the  aperture  to  106  degrees,  lowers  the  number  to  abouv' 
94,000. 

7th.  FkUness  of  field  determines  the  practical  extent  of  the 
field  of  the  instrument.     With  some  objectives  the  marginal 
portions  of  an  object  arc  indiHtinguishablc,  while   the  centrali 
parts  are  in  flharti  focus.     Kegarding  this  property,  Prof.  CuP 
penler  ivrites:  "With  a  really  good  objective,  not  only  shouk 
the  iuiu^o  bo  distinct  even  to  the  margin  of  the   tield,  but  tho^ 
marginaT  portion  should  be  as  free  from  eolor  as  the  central. 
In  many  microacopes  of  inferior  construction,  the  imperfection 
of  the  objectives  in  this  respect  is  marked  by  the  contraction  of 
the  aperture  of  the  diaphragm  in  the  eye-piece  which  limite  the 
diment^ions  of  the  field;  and  the  Derformaneo  of  one  objeetix'! 
within  this  limit  may  sfurcely  be  distinguishable  from  that  <A 
another,  although,  if  the  two  were  compared  under  an  eyu-piecel 
of  larger  aperture,  thoir  difference  of  excellence  would   be  at 
once  made  apparent  by  the  perfect  correctness  of  one  to  the 
margin   of  the  field,  and  by  the  entire  failure  of  the  other  in 
every  part  save  its  centre.     In  estimating  the  relative  merits  nil 
two  leuse*,  therefore,  as  reganis  this  condition,  the  compariaoaj 
shonld  be  made  under  an  eye-piece  giving  a  larger  field." 

8th.  Cbeer  adjustment.  Again  we  ([uotc  from  the  same' 
authority :  *'  When  objectives  of  short  focus  and  of  wide  angular 
aperture  are  in  use,  something  more  is  ne*!essary  (save  in  the 
case  of  'homogeneous-immersion'  lenses)  than  exact  focal 
wijuatmeiit ;  this  being  the  (uijusimmt  of  the.  oiijedhe  itself,  which 
is  required  t^  neutnilixe  the  disturbing  efi'ect  of  the  gla«s  cover 
upon  the  course  of  tlie  rays  proceeding  from  the  obieot, — unless 
(as  in  the  ubjectives  now  commonly  made  for  stuucnta'  micro-, 
scopes)  they  are  constructed  for  working  o?j/ywith  cover-glasset  I 
of  a  cei'tai]!  standard  thickness.  For  audi  adjustment,  it  will 
be  recollected,  a  power  of  altering  the  distance  between  the 
front  pair  and  the  remainder  of  the  combination  is  required; 
and  this  power  is  obtained  in  the  following  niauuer:  The  front 
pair  of  lenses  is  fixed  into  a  tube,  Fig.  262,  A,  which  slides  over 
an  interior  tube,  li,  by  which  the  other  two  pairs  arc  hold  ;  and 
it  is  drawn  up  or  down  by  means  of  a  collar,  C,  which  works  in 
a  fiirrow  cut  iu  the  inner  tube,  and  upon  a  screw-thread  cut  in 
the  outer,  so  that  its  revolution  in  the  plane  to  which  it  is  fixed 


TBI    XTCH03C0FE    AKI>  THl   TBLB8C0PE. 


^ 


by  the  one  tube  givea  a  vertical  movement  to  tho  other.     In 

one  part  of  the  onter  tube  un  oblong  elit  is  made,  aa  aeen  at  D, 

into  which  projects  a  email  ton^uo  Hcrowed  on  the  inner  tube; 

at  the  side  of  the  former  two  hon- 

Kuutal   lines   are    engraved,  one  f 'o  262. 

pointing;  to  the  word  '  uncovered,' 

ibe  otlier  to  the  word  'covered;' 

whilnt  the  latter  is  eron&ed  bj  a 

horizontal  mark,  which  is  brought 

to  coincide  with  either  of  the  two 

lines  by  the  rotation  of  the  acrew- 

collar,  whereby  the  outer  tube  is 

moved  up  or 'down.     Wheu  the 

mark  has  been  made  Co  point  to 

tlie  line  'uncovered,' it  indicates 

tlitft  the  distance  of  the  lenses  of 

the  obje<tt-glftS8  is  such  as  to  make 

it  suitable  for  viewing  un  object 

without  any  interference  from  thin 

glam:  ivheu,  on  the  other  hand,  AAiaiaai^thr<«v*. 

Itlic  mark  haa  been  brought  bv  the 
revolution  of  the  screw-colfar  into  comcidence  with  the  tine 
'covered,'  it  iiidicatcif  that  the  front  lene  hai^  been  brought  into 
Buch  proximity  with  the  other  two,  aa  to  produce  a  '  pOHitive 
aberration '  in  the  objective,  6tted  to  neutralize  the  'negative 
aberration '  produced  by  the  interposition  of  a  glass  cover  of 
extremist  thickness.  But  unless  this  correction  oe  made  with 
the  greatest  precision  to  the  thieknoes  of  the  jmrticular  cover  in 
nse,  tho  enlnrgoment  of  tho  angle  of  aperture,  to  which  optimaim 
have  of  late  applieii  themselves  with  such  remarkable  success, 
-becomes  worse  than  useless;  being  a  source  of  dimini^thed  in- 
ntead  of  increased  distinctness  in  the  details  of  the  object,  which 
are  far  better  seen  with  an  objective  of  greatly  inferior  aperturo, 
possessing  no  special  adjustment  for  the  thickness  of  the  glass. 
The  following  general  rule  is  given  by  Mr.  Wenham  for  securing 
the  mo!<>t  efficient  performance  of  an  object  glass  witli  any  ordi- 
nary object :  '  Select  any  dark  speck  or  opaqne  portion  of  the 

■  object,  and  bring  the  outline  into  perfect  focus;  then  lay  the  finger 
pon  the  milied-Iiead  of  the  line  motion,  and  move  it  briskly  Imck- 

wards  and  forwards  in  both  directions  from  the  first  position. 

Olwerve  the  expansion  of  the  dark  outline  of  the  object,  both 

when  within  anil  when  without  tho  focus.     If  the  greater  ex- 

-pansion,  or  coma  (o37}.  is  wheu  the  object  is  withoul  the  focus, 

■  or  furthest  from  tho  objective,  the  lenacii  m.ist  bo  placed  further 
asunder,  or  towards  the  mark  '  nncoverod.'  It  the  greater 
coma  is  when  the  object  is  wUhin  the  focus,  or  nearust  to  the 

bjective,  the  lenses  must  be  brought  closer  together,  or  towards 
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the   mark  'covered.'     When  the  ohject-glaBB  ie  in  proper i 
jutitmeut,  the  cxpanHiou  of  the  outline  \a  exactly  the  same  hotiii 
within  and  without  th«  focua.'" 

571.  Immeraion  Objectives. — Amici  first  allowed  that  the  inter- 
vention of  u  droi)  of  water  between  the  object,  or  its  covirinc 
§]n99,  and  the  front  lens  of  the  objective,  greatly  diniinisLea 
le  loss  of  light.  This  wub  afterwards  utilized  by  Uartnack 
and  ^'achet,  in  the  construction  of  the  so-called  unmersum-lmaes 
of  high  power  and  wide  aperture.  In  discussing  this  s}'Stem 
Prof.  Carpenter  eays: 

'*Tho  loss  of  light  increases  with  the  obliquity  of  the  incident 
rays;  co  that  when  objectives  of  very  wide  angle  of  aperture  are 
used  'dry,'  the  advantages  of  its  increase  are  in  CTeat  tie>;ree 
nullified  by  the  reflection  of  a  large  proportion  of  the  rays  fall- 
ing very  obliquelv  upon  the  peripheral  portion  of  the  front  Itns. 
"NSlien,  on  the  otter  hand,  rays  of  the  siiuie  obliquity  enter  the 
peripheral  porlioo  of  the  lens  from  water,  the  loss  by  reflection 
IS  greatly  reduced,  and  the  benefit  derivable  from  the  largo 
aperture  is  proportionally  augmented.  Agairi,  the  'inmuTJiVm 
system'  allows  of  a  greater  working  distance  Itetween  the  ob- 
jective and  the  object  than  is  otherwise  attainable  with  the  same 
extent  of  angular  aperture;  and  this  is  a  gre-at  advantage,  not 
merely  in  regard  to  convenience  in  munipulatioti,  hut  also  in 
giving  a  greater  range  of  penetration  or  'foeal  depth.'  FurtherJ 
the  observer  is  rendered  less  dependent  u|>on  the  exactness  ii 
the  correction  for  the  thickness  of  the  covering-gloss,  which  is 
needed  where  objectives  of  large  angle  arc  used  *dry,'  for  as  the 
auiouut  of  'negative  aberration'  is  far  smaller  when  the  rays 
whi<'li  emerge  from  the  envonng-glasa  pfwts  into  wnter,  than 
when  tliey  pass  into  air,  variations  in  its  thiukness  produce  a 
much  less  disturbing  etiect.  And  thus  it  is  found  practically 
that  'immersion'  objectives  can  be  constructed  with  maguityiug 
powers  sufficiently  high,  and  angular  apertures  sufficiently  large, 
for  all  the  ordinary  pui-poses  of  scientilic  investigation,  without 
any  necessity  for  cover  adjustment;  being  originally  adapted  to 
give  the  best  results  with  a  covering-glass  of  suitJible  thinness, 
and  smalt  departures  from  this  in  either  dirt^ction  occasioning 
very  little  deterioration  in  their  performance.  For  'water-im* 
mersion '  objectives  of  the  very  largest  apertui-e,  however,  to  be 
used  upon  the  most  difficult  objects,  exact  cover-correction  is 
still  necessary.  Whilst  'immersion'  objectives  constructed  on 
the  original  plan  can  only  be  employed  'wet'  (that  is,  \vith  the 
interposition  of  water),  Messi*6.  rowell  and  Lcaland,  followed 
by  other  makers,  have  so  arranged  their  combinations,  that  by 
a  change  in  the  front  lens  they  may  bo  used  'dry,'  as  in  the 
ordinary  manner.     And  in  Mr.  Wenbam's  system  not  even 
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omio^  is  rwjntrc'd,  tho  change  from  'wet'  to  'dry,'  and  vicf  verso, 
betn^  acooiiiph^ihGH  l>y  an  altoratinii  in  tho  dieliuice  of  the  front 
Ions  from  the  middle  trii>lot,  made  by  the  screw  collar,  as  hi 
ordinury  cuver-contjclioii." 

^*  Homogeneous  immersion  consists  in  the  replacement  of  the 
water  previouBly  interposed  between  the  eovering-iiflass  and  the 
front  surface  of  the  objective,  by  u  liquid  having  ilie  Kaine  re- 
fractive and  dispersive  power  as  crown-ghuw;  so  that  the  rays 
isening  at  any  an>;le  from  the  upper  plane  surface  of  tlie  cover- 
ifijiT-irlAMi  '^hall  enter  the  plane  front  of  the  objective  witlioot 
any  change  either  by  refraction  or  dispersion,  and  without  any 
fensihle  loss  by  relleclion — even  the  most  oblique  rays  proceeding 
in  their  undetlecte<l  conrae,  until  tliey  nic-ot  the  convex  hack 
surface  of  the  front  lens.  It  is  obvious  that  all  the  advantaii^ee 
derivable  from  the  syateni  of  wnirr  iiunicrsion  are  obtainable 
with  still  greater  compleleness  by  this  system  of  homogeneaits 
immorfiion,  provided  that  a  ftuid  can  be  found  which  meets  ite 
requirements.  After  a  long  course  of  experiments.  I'rof.  Abbe 
discovered  that  oil  of  aJar-wood  so  nearly  corrospondu  with  gloss, 
alike  in  refractive  and  tn  dispersive  power,  that  it  serves  the 
purpose  extremely  well,  except  when  it  is  desired  to  take  special 
advantiige  of  the  most  divergent  or  tnaminal  ray*,  OfV  o//mnrf 
being  then  preferable.  Objectives  of  j^th,  Alh,  and  -jijfth  inch 
focnl  length  have  been  constructed  ou  this  plan  by  Zeiss;  and  it 
appears  eertaiii  that  by  its  means  a  larger  angle  of  apertm-c  can 
be  efteetively  obtained  than  on  any  other  construction.  Wheiher 
any  teats  can  be  resolved  by  its  use,  on  which  olher  objectives 
fail,  ia  a  point  not  yot  satislinctorily  determined.  Rut  (here  can 
be  no  doubt  that  the  system  of  *  homogeneous  immersion  '  will 
greatly  facilitate  the  use  of  objectives  posees-Hing  the  largest 
angular  aperture,  and  capable  of  affording  the  hignest  magnify- 
ing power  for  tho  ordinary  purpose  of  scienlitic  research.  It  is 
precisely  in  the  ca.^e  of  such  objectives  that  the  '  cover-corroo- 
tion  '  needs  to  be  most  exact.  And  although  the  practised  micro- 
Bcopist  has  no  ditKculty  in  making  this,  when  the  object  at 
which  he  is  looking  (Riich  tw  a  Omtom,  a  Pndiink-scale,  or  a 
band  of  Nobcrt's  ruled  tines)  is  knoicn  to  him,  yet  the  ca«e  is 
entirely  diflere?it  when  the  object  is  altogether  unknown.  For 
in  examining  such  an  object  he  may  be  only  able  to  satisfy 
himself  ftOcr  re[H.'a1e4l  trials,  involving  much  expenditure  of 
time  aii<t  patience  as  to  the  cover-correction  which  gives  the 
truest  representation  of  the  object;  whilst,  in  using  a 'hoiuo- 

freneons  '  or  'oil-iuiniersion  '  objective,  ho  is  able  to  tool  analwo- 
nte  certainty  that,  without  any  adjuitment  at  all,  the  view 
which  he  gain:),  of  an  unknown  obiect  is  in  every  respect  at  leatit 
e<)nal  to  that  which  he  can  obtain  from  the  best  'dry  *  or '  watei^ 
immersion '  objective,  most  exactly  a<lju8ted  for  thickness  of 
cover." 


488 


OPTIC'S. 


572.  Chooiin^  and  Testing  ObjeetiTM. — "The  most  perfect  ob- 
jective tor  jfyiifral  [iiiipotifB  \s  obviously  thai  which  combinu 
alt  the  preceding  attributed  in  the  degree  in  which  they  a 
niutuoily  conipatibte.  But  it  seemB  to  be  now  cleiir  that  i 
highest  perfection  of  the  two  primary  qualities,  '  definioL 
power'  and  '  resolviug  power,*  caunot  Iw  obtained  in  the  satne 
comhiiiation :  so  that  the  choice  between  two  objectives,  one 
distinguished  by  the  former  of  (hcae,  and  llie  other  by  the  latter, 
will  depend  upon  the  work  on  which  it  ie  employed. 

^  In  e&tituating  the  value  of  an  object-gla£8,  it  should  always 
be  considered  for  what  purple  it  is  intended ;  and  its  merits  judged 
of  according  to  the  decree  in  which  it  fultila  that  purpose.  We 
ahali,  therefore,  consider  M-liat  are  the  objects  proper  to  llie 
several  'powers'  of  object-glas-ses — fow,  meilium,  and  high;  and 
what  are  the  objects  by  its  mode  of  exhibiting  which  each  may 
be  fairly  judged. 

"  Bv  objectives  of  U>\c  power  we  may  understand  any  whoM 
focal  length  is  greater  than  half  an  inch;  tliev  give  a  range 
aniplitication  of  from  10«lo  70  diametera  with  the  A  eye-pit 
and  (if  from  16  to  120  <litmieters  with  the  B  eye-piece 
'  a<lju6iable'  low  power  is  made  by  Zeiss,  of  Jena,  in  which, 
varying  the  poeition  of  the  front  lene  by  means  of  a  ecrew-collar, 
■  range  of  power  is  obtainable  from  about  8  to  IG  diameters  with 
the  A  eye-piece,  and  from  1 2  to  24  with  tbeB  eye-piece.  Objectives 
of  low  jioicer  are  most  used  iu  the  examination  of  opaque  ol*jei-ts, 
and  of  transparent  objects  of  largo  size  and  of  cornparativrly 
coarse  texture;  an<I  the  qualities  most  desirable  in  tn em  are  a 
Kutiiciently  large  aperture  to  give  u  h-iff/U  image,  combined  with 
such  accurate  definition  aa  to  give  a  clear  image,  with  *  focal 
depth  '  Bufticient  to  prevent  any  moderate  inequalities  of  surface 
from  Bcrioualy  interfering  with  the  distinotness  of  the  entire 
picture,  and  with  perfect '  flatness  '  of  the  image  when  the  oh- 
ject  itself  is  flat.  The  proboscis  of  the  blow-ny  is  one  of  the 
best  transjiarent  ohjects  for  enabling  a  practised  eye  to  eatiniate 
the  general  performance  of  object-glasses  of  low  oower;  since 
it  is  only  under  u  really  good  Itins  that  all  the  detaila  of  its  struc- 
ture ciin  be  well  shown.  In  particular,  all  the  outlines  and 
edges  should  be  Heeti  clearly  and  ehari'ly.  without  any  haze  or 
fringe;  tlie  tnieheal  t>pireti  and  rings  well-defined,  without  any 
color  between  them. 

'*  We  luuy  consider  as  objectives  of  medium  power  the  half- 
inch,  Aths  inch,  +th  inch,  and  i^th  inch ;  the  magnifying  power 
of  which  range»  from  about  90  to  2oO  diameters  under  the  A 
evG-picre,  nno  fmm  about  InO  to  400  dianietera  with  ihe  B  eye- 
piece. When  used  by  reJloctcd  tight  they  can  beadvantageointlv 
employed  In  the  exutnination  of  such  small  opcu^nt  objects 
Diatoms,  Polcyatines,  portions  of  small  featliers,  capsules  oft 
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lesBer  moaees,  haire,  etc. :  llicy  ehouM  be  &o  mounted  on  cones 
is  to  allow  of  aide  iltuminution.  The  great  ralue  of  these 
powure  lies  in  thtiinformatioti  ttiey  enable  us  to  obtain  regarding 
tlio  (letailR  of  organtjied  strnctureH,  and  of  living  actioiig.  b,v  tlie 
examination  of  properly  prejiared  transparent  objecto  by  trans- 
milted  iight.  No  eingle  object  is  bo  iieeful  va  tlie  Podura-svuk 
for  the  purpose  of  testing  these  qnalities  in  a  ^tb  inch  or  ^ih 
inub  objective;  and  it  may  be  safely  said  that  a  lens*  wbu-h 
brings  out  its  markings  satisfactorily  will  suit  the  requiremeiita 
of  the  or<liuary  working  tuicroscopist,  although  it  may  not  re- 
vive difficult  Diatoms. 

I   *'  All  object-glaAses  of  leas  than  -^tb  inch  focua  may  bo  clasaod 
■fe  high  pincers.     The  magnifying  powers  wliidi  objectives  from 
^th  to  ^tb  inch  fueu^  are  tilled  to,  allbrd  range  from  about  320 
to  12o0  diameters  with  the  shallower  eye-piece,  and  from  480  to 
18f>0  diameters  with  the  deeper:  but  by  the  use  of  still  deeper 
eyo-pic-ce«,  or  by  the  objective  of  j^th  inch,  or  tbe  ^jjth  recently 
ooDalruc-ted  by  Mesers.  Powell  and  I^ealaiid,  a  poMur  of  4000  or 
TDore  may  be  obtained.     It  is  seldom,  however,  (hat  anything 
Is  really  gained  thereby.    The  introduction  of  mitierswu  lenaea 
has  coni<ulerabIy  inereitsed  the   utility  of  what  may  be  called 
moderately  bi^h  powers,  such  «5  Jth.  I'jlb,  and  iMb. 
■    "For  resolving  power  tbe  best  teetfe  are  afibraed  by  tbe  lines 
■rtificially   ruled  by   M.    Nobert,  and    by  tbe   nmre  'diiUcult' 
Diatom;*.     What  is  known  ua  Noba-t's  lest  is  a  plate  of  glaaa,  on 
u  small  epaee  ol"  which,  nut  exceeding  ^^th  of  an  inch  in  breadth, 
are  ruled  from  ten  to  nineteen  series  ot  lines,  forming  aa  many 
separate  bands  of  equal  breadth.     On  the  ninetecn-band  test- 
plate  the  lines  are  ruled  at  the  following  diiftanueii,  expressed  iu 
parts  of  a  Paris  line,  which,  to  an  English  inch  is  usually  reck- 
oned as  0.088  to  l.OOO,  or  as  11  to  12a: 

r  "The  following  ealimatee  of  tbe  numbcm  of  lines  to  the 

English  inch,  in  some  of  the  bands,  are  given  by  Dr.  Koyston 

I'igott: 

lluid.  Nix  of  im-ii  Dui4.   So.nttpMm  BawL  X«  ulwrmt-* 

t>r  liii'li.  |i*r  iDChu  par  liiih 

I.     II.2SB  IX.     5B,'iD7  XV.       W,0:>I 
r 


Band  1.  I-IOCKHIi. 

"  2  1-loOOllj. 

*•  ».  l-SDOOcb. 

"  4.  l-2a>0th. 

»  6.  l-8tXtlU(i 

••  6.  l-3.'i<KHli. 

"  :.  I-40<MHh- 


Uitnd  8.  i-i.'iOOt)i. 
■'  D.  1-MOOth 
"     10.   t-ftCOOlh. 

■•    11.  i-eoooth. 

"     ta.   I-050(Mh. 
•'    l».   l-IOOOtU. 


B«nd  ]4.  l-TfiOOth. 

'■      16  IJWOOih. 

"     16.  l-8500lli. 

"     17.  l-fiOfl()th, 

"    18.  i-neooii' 

"      1».  l-lOOOOlli. 


llUld.  NiX  of  qib'll 

Dui4. 

So.  fif  tpWM 

t>r  liii'li. 

ptr  iDchu 

I.      ll,2SB 

IX. 

5B,'iD7 

III.     32,510 

XI. 

r.-.nyi 

IV.    »8.7Trt 

xni. 

78,816 

VII.     4S,038 

xvn. 

XIX. 


10l,S3.'i 


"Prof.  Rogers,  of  Cambridge,  has  also  ruled  tcst-plaleH  which 
Ire  very  aecnrato  in  the  placement  of  their  lines,  and  are  tiow 
in  geueral  use. 
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DlTKtlon      r-«tri«  In  1-lOOth  of  u  ladi 

ofatilM. 

Bmilh. 

SolUtt. 

diagonal 

U 

8^-20 

tiBnavene 

86 

80 

transverse 

88 

40—20 

tranivene 

40 

46—35 

tranBvene 

40 

45—40 

diagonal 

44 

80—40 

diagonal 

46 

60-85 

diagonal 

48 

transverse 

48 

diagonal 

62 

61—46 

diagonal 

64 

tnnsvene 

84 

90—60 

tmtiEverte 

86 

111—60 

transverse 

86 

transverse 

180—120 

"  The  greater  part  of  the  Diatoms  employed  as  test  objects  are 
comprehended  in  the  genus  Pleurosigma  of  ProfesBor  Smith; 
which  includes  those  Navieidce  whose  'frustules*  are  dirtin- 
guished  by  their  sigmoid  (S-like)  curvature. 


1.  Fleuroaigma  formosum 
'2.  FSeurosigma  strigile  . 
8.  Pleurosigma  Balticum 
4.  Pleurosigmti  attenuatum 

6.  Pleuruaigma  hippucampus 
B.  Pleurosigma  Btrigneum 

7.  Pleurosigma  quadratum 

8.  Pleurosigma  elongatum 

9.  Pleurosigma  lacuttre 

10.  Pleurosigma  angulatum 

11.  Pleurosigma  Ksiuarii . 

12.  Pleurosigma  faiciola  . 

13.  Naricula  rhomb')idc8 

14.  Nitzschia  sigmoidea  . 

15.  Ampbipleurapellucida  (navicuZa 

aeus)  ..... 

"Good  Specimens  of  the  first  ten  of  the  foregoing  list  may  be 
resolved,  with  judicious  management,  by  good  small-angled  Jth 
or  ^th  inch  objectives,  and  even,  with  very  oblique  illumination, 
by  objectives  of  J  and  Ath  inch,  having  an  angular  aperture  of 
ninety  degrees;  the  remainder  require  the  larger  aperture  proper 
to  the  Jth  inch  or  higher  power,  for  the  satisfactory  exhibition 
of  their  markings.  The  tiret  column  of  measurements  in  the 
above  table  gives  the  numbers  stated  by  Professor  Smith  as 
averages;  the  second  column  gives  the  numbers  subsequently 
assigned  as  the  extremes  by  Mr.  SolHtt,  who  pointed  out  that 
great  differences  exist  in  the  fineness  of  the  markings  of  speci- 
mens of  the  same  species  of  the  Diatom  obtained  from  different 
localities,  a  statement  now  so  abundantly  confirmed,  as  to  be 
entitled  to  riink  as  an  established  fact. 

"As  a  test  for  those  qualities  of  objectives  which  best  fit  them 
for  the  general  purposes  of  biological  investigation,  Prof.  Car- 
penter irt  of  the  opinion  "  that  nothing  is  better  than  the  scale  of 
the  Lepidocystus  cerviroUis,  commonly  known  as  the  Podura.  An 
objective  may  serve  by  virtue  of  its  wide  angular  aperture,  to 
resolve  Diatom-tests  of  considerable  difficulty,  and  may  yet  fail 
utterly  on  the  Fodura-scale,  in  consequence  of  its  inferior  de- 
fining power;  and  such  an  objective  can  be  of  very  little  ser- 
vice to  the  biological  investigator.  On  the  other  hand,  although 
the  exact  stniciiire  of  the  Podura-scale  is  still  (like  that  of  the 
Diatom-valve)  a  matter  of  discussion,  yet  all  are  agreed  as  to 
tlie  appearances  it  presents,  under  objectives  that  combine  in  the 
fulle^^t  degree  the  attributes  already  specified  as  best  qualifying 
them  for  scientific  work:  so  that  any  glass  which  shows  these 
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nraticcs  saticfactoriW,  may  be  safely  accounted  suitiible  for 

tliitl  purjiose.     Tliu  eurliicu  of  ttiis  scale  when  viewed  under  ft 

entlieitMilly  Itijjh  aniulitieation,  in  seen  to  bo  covered  with  the 

peculiar  nmrkinj(ft  siiown  at  A  and  B,  Fig.  "263,  which  are  some- 

Fia.  2B8 


SM 


Ma 


mlitlu 


Tnt  for  ol4t«llra«. 


fttfa 


times  designated  'spince.'  but  are  more  commonly  known  ue 
'notcB  of  admiration'  or  'exelanintionrnarkin^.*  Theac  tthould 
be  clearly  8e[>»raied  from  each  other,  and  their  margins  well- 
defined.  An  objective  of  small  angle  {mich  as  a  Jtli  ineh  of  CO") 
will  nhow  the  'spinos'  dark  throughont,  as  ut  A;  a  jtli  incli  of 
100"  will  dhow  a  light  streak  extending  from  the  large  end, 
down  llie  centre  of  each  marking:  and  a  further  enlartrement 
of  the  aperture  will  ehow  an  extension  of  this  streak  through 

"  e  entire  length  of  each  'spine,'  B.  Thedegreein  wliich  these 
markings  retain  their  brightness  and  distinctness  un<ier  deep 
eye-piecint;,  may  be  considered  a  most  valuable  test  <if  the  ox- 
,-celluncc  ot  the  defining  power  of  the  objective.  As  it  is  impoB- 
•iblothat  large-angled  objectives  used  'dry,'  should  be  perfectly 
rreeted  for  fphcrical  aberration  (so  va  to  pustfess  the  ereatest 
"  ihle  drfining  power)  without  some  residuum  of  ehnmrntk 
ation,  all  the  best  detiiiing  glasses  will  show  the  thick  part 
of  the  spines  tinged  with  either  blue  or  red.  Terfect  nchro- 
matism,  on  the  orher  hand,  is  only  attainable  with  *  dry  '  lensea 
at  some  eacritice  of  rut^olving  and  deHning  power;  and  many 
Diieroseonists  prefer  to  keep  the  latter  to  their  highest  point, 

Ten  at  tiie  cxpenac  of  complete  eolor-correction.  Most  pbysi- 
■ologi^ta,  however,  will  prefer  the  highest  attainable  aebromutism 
•t  some  sacrifice  of  aperture.  Bat  it  is  one  of  fl-e  ndrtmfngrs  of  the 
■'  irnntfrsiun  system  '  that  the  residual  ahernt(ion<t  of  erai  (arr/e-ai'/fied 

bjeHirrs  ran  be  muff*  more  jier/eHli/  rompetiMilfd  Ihnn  fhri/  can  l^e  in 

dry '  objectives  ;  so  that  on  this  as  on  sevtrat  ether  aecotnits,  their  use 
u  to  be  recommended  whenever  pemiiUeii  b;f  the  nature  of  the  research." 
When  tJie  I'mlura-acale  is  employed  as  a  test,  altoivance 
«bould  be  made  for  the  difierenees  existing  between  difterenl 
scales.  These  are  as  great  aw  with  any  c»f  the  Diatomfl.  The 
insect  from  which  this  lest  is  derived  is  commotily  known  as  the 
'*  spring-tail "  and  may  be  found  near  decaying  wood  and  in 
enw-dusl. 
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Two  or  tbre«  objectires  arc  sometimes  mounted  on  a  avrtngiiiff^ 
arm  called  the  no3r-pieee.     These  revolve  upon  a  common  uai 
and  one  power  after  another  can  be  quickly  brongbt  idW  ll» 
optical  axis  of  the  iustniinent. 

573.  Bje-piecM. — That  in  general  uee  couaistd  of  two  itluiv 
convex  lenses,  the  convexity  of  each  being  toward  the  objeirliiu 
The  lens,  A,  neareat  the  objective  is  called  ihejfeU ' 
Uns;  ibo  otiicr,  B,  the  e.i^e-Uns.     Taken  toeetlief 
these  form  an  achroniatie  combination.     Tins  ejt- 

ftiece  was  invented  by  Huyghens  for  tbeielescojie; 
le  employed    it  to   correct  Bpberieal  aberratioo,] 
and  di<i  not  know  that  it  was  achromatic.    It «« 
applied  to  the  microscopo  by  Campani.     The  rivi 
from   the  objective   pass   through   the   field  tens 
before  ihev  reach  their  focus.     The  image  pfo-      j 
ducod    under    these   circumHtanceB    is    r^  uA 
chromatic,  but  when  examiiu^d  by  the  eye-lens  ot 
the  combination,  the  cliromatism  is  uorreete<l,  &i)«i 
a  still  more  magiiitied  aoliniinatic virtual  image  produced.    "A^ 
diaphragm,  C,  must  be  placed  between  the  nvo  lenses  in  the  mo^H 
focus  of  the  eye-gliiss,  which  is,  of  course,  the  position  whereiu 
the  image  of  the  object  will  be  formed  by  the  rays  brought  into 
convergence  by  their  passage  through  tlic  tield-elaes." 

"Another  advantage  of  a  well-constructed  Uuyghenian  eye- 
piece is,  that  the  image  produced  by  the  meeting  of  the  raya 
at\er  passing  through  the  tield-gla^,  is  by  it  rendered  concave 
towardn  the  eye-ghiss  instead  of  convex,  so  that  every  I>art  of  it 
may  be  lit  focus  at  the  same  time,  and  the  field  of  view  ther«bj 
rendered  flat  Two  or  more  Uuyghenian  eye-pieces  of  different 
magnifying  powers,  known  os  A,  B,  C,  etc.,  are  usually  supplied 
H'itJi  a  compound  mierosconc.  By  some  makers  the  eye-pieew 
arc  dosignatcil  by  the  focal  distance  of  the  combination.  Th« 
utility  of  the  higher  powers  will  mainly  depend  upon  the  ex- 
cellence of  the  objectives ;  for  when  an  ucbmmatic  combinatiuo 
of  small  aperture,  which  is  sufficiently  well  corrected  to  perform 
very  tolerably  with  a  '  low  '  or  '  shallow '  eye-piece,  is  used  with 
an  eye-piece  of  higher  nmgiiit'ying  power  (conunouly  spoken  of 
as  a  '  deeper'  one),  the  image  may  lose  more  In  brightness  and 
in  detinition  than  is  gained  by  its  amplitieation ;  whilst  the 
injiige  given  by  an  objective  of  large  angular  aperture  and  very 
perfect  correction,  shall  sustain  so  little  loss  of  lighter  of  detini* 
tion  by  'deep  eye-piecing,'  that  the  increase  of  mafuifyin? 
power  shall  be  almost  clear  gain.  Hence  the  modes  m  whicb 
diifurent  objectives  of  the  same  power,  whose  perfornuince  with 
shallow  eye-pieces  is  nearly  the  same,  are  respectively  aftcctcd 
by  deep  eye-pieces,  aftbrd  a  good  test  of  their  respective  merits; 
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anv  defect  in  the  copreetioiiB  is  sure  to  be  hrougfit  out  by 

aigLer  amplification  of  the  image,  whilst  a  deticieucv  of 

aperture   ib   man ifu sled    by  ihe  want  of  light.     The  wording 

microscopiRt  will  generally  find  the  A  eye-piece  most  suitable, 

being  occaeioually  employed  when  a  greater  liower  U  required 

8eparat«  details,  whilst  0  and  others  Htill  deeper  arc  UBefuI 

r  tne  purpose  of  testing  the  goodness  of  objectives,  or  for 

ipccial  investigatioiiH  retjuiritig  tlic-  highest  ujnp]ifi<.'alion  with 

Hijectivefl  of  the   tiiient   iiuality.     When   great  peneimtion  or 

focal  depth'  is  required,  low  objevtiveis  and  deep  eye-pioces 

ill  often  bo  found  couvenient. 

'*  For  viewing  large  flat  objects  suuh  as  tranevorse  aeelions  of 
wfHHl,  under  low  mapiiifyiug  powerB,  the  cye-pieec  knnwn  us 
K^Uikt'ji  nniy  be  cmphiyeil  with  Jtdvantnge.  In  this  cfnistrnction, 
the  ti«ld-gltww,  which  \n  a  double-convex  leiiB,  is  placed  in  the 
'  u3of  the  eye-glass,  without  the  interposition  of  a  diaphragm; 
_  '  tlie  eye-glass  la  an  achroniatie  i!ombination  of  a  plano- 
Coneavc  of  Hint  with  a  double-convex  of  crown,  which  ib  Blightly 
nnder-correcled,  so  aa  to  neutralize  Ihe  overcorrection  given  t<t 
tin*  rtb|eetive«  for  use  with  Huygbeinan  eye-pieces.  A  6at,  well- 
illiiniined  Held  of  bb  much  us  fourteen  inclictt  in  diameter  may 
thus  be  obtained  with  very  little  loss  of  light;  but,  on  the  other 
liaud,  there  id  a  certain  impairment  of  uelining  power,  which 
renders  the  Kellner  eye-piece  unauilahle  for  objects  presenting 
minute  structural  details;  and  it  is  an  additional  objection,  that 
The  BmallcBt  spvck  or  smear  upon  the  surface  of  the  ticld-glass  is 
made  so  unpleasantly  obvious,  that  the  most  careful  cleansing 
^of  that  surface  is  required  every  time  this  eye-piece  is  used. 
H  "A  aoUd  eye-piece  made  on  the  principle  of  the  *  Stanhope ' 
lena  is  sometimes  used  in  place  of  the  ordinary  Huyghenian, 
when  high  niagnilyiug  power  is  required  for  testing  the  per- 
formance of  objectives  The  lower  surface,  which  hae?  the  lesser 
convexity,  serves  as  a  '  ficld-glas*  ;'  whilst  the  image  formed  by 

■  this  is  magnitietl  by  the  htglily  convex  upper  surtiicc  to  which 
the  eye  is  applied;  the  advantage  supposed  to  be  derived  from 
tliie  construction  lying  in  the  abolition  of  the  plane  surlaces  of 
Kthe  two  lenscH  of  the  ordiuarj'  eye-piece," 

574.  Tabe  and  Accessories. — The  Uibr  of  the  instrument  serves 
to  maintain  the  (d;jectivc  and  the  eye-piece  in  proper  relation  to 
each  other  in  the  same  optical  axis. 

The  objectives  are  fitted  into  the  lower  end  by  a  screw;  a 
collar  with  a  uniform  rliread,  known  as  the  socitty  serac,  hae 
been  adopted  by  the  majority  of  makers.  Uy  Ihe  use  of  this 
any  objective  may  Ite  adapted  to  the  iuBtrumeut.  Other  special 
contrivances  are  sometimeB  furuifthed  for  attachment  of  very 
high-angled  low  powers. 


I 


494 


OPtlCB. 


The  eye-pieee  is  slipped  iuto  tbe  upper  port,  the  exterior  of 
ita  cylinder  utid  ihe  interior  of  the  tul>ti  being  ground  to  givct 
smooth  movement. 

Diaphragms  found  lu  tbe  ore-piece  or  tbe  tube  of  a  nucro- 
ecope  ehould  not  be  diapluccd ;  or  if  desired  to  do  go,  tbeir 
location  »boti1d  be  carefully  marked  beforeliaiid,  in  order  ikiU 
they  can  be  repluutjil  In  their  proper  position. 

The  draw-tube  is  a  second  tube  sliding  into  the  tnbe  proper. 
While  the  objective  is  attached  to  the  latter,  the  eye-piece  a 
carried  by  the  former.  When  the  former  is  portly  withdnwt 
the  distance  between  the  eye-piece  and  objective  is  increaBtd, 
and  greater  magnitying  power  attained. 

An  afiiplijier  is  u  concave  lens  inter^wacd  between  the  objective 
and  eye-piece.  In  the  Tolle'a  form  "it  is  an  achrotoalic 
concavo-eonvex  leiid  of  siuall  <liameter,  screwed  into  the  loutf 
end  of  the  draw.tube,  so  a»  to  be  at  no  great  distance  behiod 
the  objective,  the  power  of  which  it  doubles  without  productog 
sensible  deterionttiou  of  the  image.  Dr.  Devroti  sLiitea  that  tbe 
nineteenth  baud  of  a  Jfobert  plate  could  be  resolvcKl  by  iteaid, 
bv  objectives  under  which  without  it  no  resolution  could  be 
obtained." 

The  ertclor.  "This  instruraent,  flrtit applied  to  th«  compound 
micTOScope  by  Mr.  I*ieier,  consists  of  a  tube  about  three  inches 
long,  A  B,  having  a  meniscus  at  one  end,  and 
a  i)lano-convex  lens  at  the  other  (the  convox 
si<les  being  upwards  in  each  case),  with  a  dia- 
phragm nearly  half-way  between  them  ;  this  is 
screwed  into  the  lower  end  of  the  draw-tube,  as 
shown  in  Fig.  265  (C  1>  being  the  eye-piece). 
It«  efleet  is  flike  tbe  corresponding  erector  of 
rho  teUrseope)  to  antagonize  the  inversion  of 
th«  image  formed  by  lh«  object-glass,  by  pro- 
ducing a  second  inversion,  so  as  to  make  tbe 
image  presented  to  the  eye  correspond  in  posi- 
tion with  tlic  object-arrangonieat.  This  is  of 
great  service  in  caaes  in  which  the  object  has  to 
be  subjected  to  any  kind  of  manipulation.  The 
[ja^isagc  of  tlio  rays  through  two  additional 
lenses,  of  course  occasions  a  certain  loss  of  light, 
and  impairment  oftbe  distinctness  of  the  image; 
but  this  iieod  not  be  an  obstacle  lo  its  nse  for 
tbe  class  of  pur|iose8  for  which  it  is  especially 
adapted  in  other  respects,  ainee  these  seldom 
reiioire  a  very  high  degree  of  detining  power. 
By  the  position  given  to  the  erector,  it  is  made 
Bubsei'vient  to  another  purpose  of  great  utility;  namely,  pro- 
curing a  very  extensive  range  of   magnifying  power,  without 
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change  in  (lie  objectivo.    For  when  ibe  draw-tube,  wilh  the 
_^    jctor  tilted  to  it,  is  completely  pu&hed  iu,  the  actmg  khijth 
(so  to  speak)  is  so  grently  reduced  by  the  Ibrination  of  the  first 
image  much  nearer  the  objective,  that,  if  a  lens  of  two-thirds  of 
au  inch  focus  be  employed,  an  object  of  the  diameter  of  1^  inches 
can   bo  taken  in  and  enlarged   to  no  more  Ihaii  4  diameters; 
'vrhilat,  on  the  other  band,  wJien  the  tube  is  drawn  out  4^  inches 
the  object  ta  enlarged    lUO  diiinieters.     Of  course,  every  inter- 
mediate rnnge  cati  be  obtained  by  <lrHwingontthe  tube  more  or 
leas ;  and  the  facility  with  which  this  can  be  acconi]>ltehcd,  espe- 
cially when  the  druw-tube  is  furniahed  with  a   rack-and-pimon 
movement  (as  in  Messrs,  Beck's  Compound  Dissecting  Micro- 
scope), renders  such  an  instrument  very  useful  in  research.'' 

576.  The  Body.— B  carries  the  tube  A,  just  described,  wilh 
objective  and  eye-piece:  the  stage  C  on  which  the  object  ia 
placed;  the  I'acussmg  adjustment  D  D',  and  the  illuminating 

Fro.  30(1. 


ith  mirrors  E,  diaphragms,  condenser,  and  polarizer  F, 

Fig.  -m. 

'    S79.  The  Stage  is  for  the  support  of  the  object.     Et  is  ottached 
to  the  body  in  such  a  manner  that  the  plane  of  its  upper  surface 
at  right  angles  to  the  optical  axis  of  Iho  tube. 


496  OPTICS. 

In  its  simplest  form,  the  stage  is  a  single  circular  plate  ot 
brass  with  an  aperture  iu  the  centre.  Its  upper  surfiwe  is  grouod 
smooth  and  flat;  on  this  the  object  slide  is  placed.  By  inter- 
vening a  drop  of  water  between  the  glass  slide  and  the  metal 
plate,  the  former  is  held  in  position,  and  yet  may  be  easilj  and 
steadily  moved  on  the  metal,  to  bring  any  desired  part  of  the 
object  into  the  field  of  the  instrument.  As  a  rule,  even  the 
simplest  stages  are  provided  with  clips,  springs,  or  other  con- 
trivances for  keeping  the  slide  in  contact  while  the  former  is 
moved  about  by  the  fingers. 

In  its  more  advanced  condition  it  consists  of  two  parallel 
plates,  with  more  or  less  complex  attachments  for  moving  the 
upper  upon  the  lower.  The  upper  plate  carries  the  object  and 
slides  upon  the  lower,  which  is  firmly  attached  to  the  body  of  the 
instrument. 

In  the  various  forms  of  microscope  a  majority  of  the  fol- 
lowing movements  of  the  object  are  attainable. 

lat.  Might  or  left  across  the  field  by  turning  one  or  the  other 
of  the  mill-headed  screws  on  the  side  of  the  stage,  which  drives 
the  rack  movement  between  the  two  plates  of  the  stage. 

2d.  Oblique  by  turning  both  screw  heads  at  the  same  time. 

3d.  Rotary^  by  loosening  a  binding-screw  which  holds  the  two 
parts  of  the  stage  together,  when  the  upper  may  be  rotated  upon 
the  tower  by  the  finger  or  by  a  tangent  screw. 

4tb.  Inclination  of  the  plane  of  the  stage  to  the  optical  axis  of 
the  instrument.  In  this  the  lower  plate  is  so  attached  to  the 
body  thatby  looseninga  binding-screw, the  movementin  question 
may  be  executed. 

5th.  One  or  all  of  these  may  be  provided  with  graduated 
scales,  arcs,  and  verniers,  that  they  can  be  measured,  recorded, 
and  restored  if  desired. 

To  secure  the  greatest  obliquity  in  transmitted  light,  the  stage 
should  be  made  as  thin  as  possible. 

577.  FocusBing  Apparataa, — This  consists  of  appliances,  D  D', 
which  cause  the  tube  to  approach  to  or  recede  from  the  stage. 
In  tlie  simplest  form  the  tube  is  supported  in  a  metallic  ring 
lined  with  cloth,  anil  the  movementin  question  is  accomplished 
by  sliding  it  up  aiid  down. 

In  the  better  forms  of  microscope,  the  arrangement  de- 
8cril)ed  is  sometimes  retained  as  a  coarse  adjustment.  As  a 
rule,  however,  this  is  attained  by  a  rack  and  pinion  movement, 
the  mill-lieuds  of  the  latter  being  on  each  side  the  tube,  while 
that  which  drives  the  lever  of  the  fine  adjustment  is  at  the 
top  of  the  body,  where  the  lateral  arm  arises  to  support  the 
main  tube.  In  some  cases  the  mill-bead  of  the  fine  adjustment 
is  on  the  tube. 
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111  Uio  low  power*?  rile  course  adjuBtraent  alone  generally 
suffices  to  obtain  a  tihar|j  tbc-us.  To  ^ive  tliitt  the  greateet 
amoothnvsfi  tlie  teeth  of  tbo  rack  iinil  pinion  -^lioiild  l>e  aet  ob> 
li<|uely.  *'^Vha^  is  meaut  by  *  spring^'  'n  tho  alterutiou  wbldi 
may  often  he  observed  to  tako  plaee  on  the  witbdruwul  of  the 
band;  the  object  which  has  been  brought  preciBely  into  focus, 
and  which  ao  retiuiint^  while  the  niilltd  hcml  is  between  the 
tinkers,  becoming  iiwlistinet  when  the  milled-head  itt  let  go. 
The  source  of  this  fiiiilt  may  lie  either  in  the  rack-movement 
□r  in  tliu  general  fratuiiig  of  the  inHtrunieiit,  which  is  bo  weak 
&»  to  allow  of  di8i)lBcement  by  the  mere  weight  or  pressure  of 
the  hand;  shoula  the  latter  be  the  case,  the  'spring'  maybe 
in  a  gri-ai  degroi;  prevented  by  carefully  a-bBtiiiuing  from  learaig 
on  thw  niilled-heau,  which  should  bo  simply  rotattd  between  the 
fingers." 

To  obtain  a  well-defined  image  with  otyecttves  of  less  than 
half  au  inch  focus  the  fine  a<ljuslmeut  or  slow  motion  D'  must 
boused.  "It  should  work  smoothly  and  equably,  producing 
that  ffradtiateti  alteration  of  the  distance  of  the  objective  from 
tthe  object  which  it  ia  its  Bpecial  duty  to  effect  without  any  jerk- 
I  iiig  or  irregularity.  It  should  be  so  eeiiBitive  that  any  movement 
of  the  niilled-head  should  at  once  make  its  action  apparent  by 
an  alteration  in  the  distinctness  of  the  imaffo  when  high  powers 
are  employed,  without  any  low  of  time.  And  its  action  should 
not  give  rise  to  any  twisting  or  displueinif  movement  of  the 
itnage,  which  ought  not  to  be  in  the  teiu^t  (tegree  disturbed  by 
any  [lumbcr  of  rotations  of  the  milled-head,  still  less  by  a  rota- 
tion through  a  few  degrees.  One  great  use  of  this  adjustmeul 
coueists  in  bringing  into  view  different  strata  of  the  object,  and 
this  in  such  a  gradual  munner  that  their  connection  with  one 
another  shall  be  ma<lo  apparent.  A  clearer  idea  of  the  nature 
of  a  doubtful  structure  ia,  in  fact,  often  derived  from  what  ia 
caught  sight  of  in  the  act  of  changing  the  focuH,  than  by  the 
most  attentire  study  and  comparison  of  the  different  views 
obtained  by  any  number  of  separate  *  focussiugs.'  The  ex- 
Tierienced  mtcroscopiBt,  therefore,  whilst  examining  an  object  of 
almost  any  description,  constantly  keeps  bis  finger  upon  the 
milled-head  of  the  'slow  motion,' and  watches  tlie  eftect  pro- 
duced by  its  revolution  upon  every  feature  which  he  distin- 
guishes; never  leaving  ofl  until  he  is  satisfied  that  he  has 
■cnitinizcd  not  only  the  entire  surface^  but  the  entire  thickness  of 
the  object." 

878.  The  Btand  is  generally  some  modification  of  a  tripod,  or 
three-footed  arrangement.  This,  if  properly  constructed,  gives 
the  desired  steadiness  to  the  apparatus.     In  the  earlier  kinds 
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of  micToecope  the  body  was  immovably  attnohccl  to  Oio  etacd, 
and  only  a  veriicul  view  down  the  tube  oould  be  obtained.  In 
modern  instruments,  the  attachment  between  the  bodj*  uA 
stand  is  movable,  and  any  desired  obliquity  can  be  gtreo  to 
the  former.  The  microacopist  is  thus  enabled  to  change  bis 
posture  at  pleasure,  and  tlio  use  of  the  tnslrunietit  beronif s  lia 
wearisome.  Some  think  that  an  opticnl  mlvunttige  is  gatntxi  h 
using  an  inclined  position  of  the  tube,  as  there  is  less  wuiot- 
ance  from  the  action  of  moisture  upon  the  cornea. 

579.  Illaminati&n  may  be  by  ordinary  or  by  polarized  light. 
In  the  I'uriiier,  ilie  light  is  either  tratistnitieu  or  reflected, 
accordin^j  as  the  object  is  transparent  or  opnqne.  In  tlie  firrt 
of  these  it  may  again  be  direct  or  oblique,  and.  either  simple  of 
condensed.  I"  ive  conditions, therefore,  present  themselves:  lit, 
simple  axial;  2d,  condensed  axial;  3d,  oblique;  -ith,  reflected; 
and.  5lh,  polarized  illumination. 

5S0.  Simple  Axial  UlaiiiiiLation. — All  aiicroscopea  are  prorideil 
with  a  plane  siivcred  glass  mirror,  or  reflector,  by  which  light 
can  be  directed  through  the  aperture  in  the  stage  along  the 
tube  to  the  eye.  In  simple  forms,  this  is  supported  upon  an 
immovable  rigid  arm,  which  is  attached  to  the  body  and  pro- 
jects beneath  the  stage.  The  mirror  is  mounted  upon  two  ax«« 
at  right  angles  tu  each  other,  that  rays  of  light  from  any  source 
may  he  directed  along  the  tube. 

681.  Diaphragms, — For  various  reasons  it  is  often  necessary  t^ 
modify  or  lessen  the  illuHiination.  This  is  accomplished  by 
means  of  a  ring  pierced  by  circular  or  oliier  openings  of  different 
sizes.  The  riiKj  diaphragm,  is  generally  attached  to  the  under 
aide  of  the  main  sta^e  in  such  a  niannt;r,  that  on  revolving  it 
openings  of  various  diameters  are  passed  beneath  the  aperture 
in  the  centre  of  the  main  stage,  and  its  sizo  varied  as  desired. 
Thus  a  greater  or  less  amount  of  light  is  thrown  upon  the  ob- 
ject. Sometimes  the  diaphragm  is  placed  at  a  distance  below 
the  object,  as  in  the  box  form  of  this  arrangement. 

The  iris  dinphraffm  is  a  most  ingeniouii  piece  of  apparatus  for 
varying  the  diameter  of  the  pencil  of  light  cast  on  the  objoct. 
It  is  camposed  of  a  number  of  plates,  whicli  by  means  of  a  lever 
are  made  to  encroach  upon  a  central  opciiitig.  Il  oporutes,  as 
its  name  indicates,  after  the  fashion  of  the  iris,  and  gives  most 
satisfactory  results. 

582.  Condensed  Axial  Illummation. — To  throw  a  brighter  illu- 
mination upon  the  object,  the;  light  is  condensed  by  any  of  it 
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rce  followinff  methods:  iBt.  concave  mirror;  2d,  simple  con- 
dciiHiiig  Iuiih;  3(1,  achraruutic  uoitdciitter. 

Cbneave  mirror.  The  ring,  whitrh  cnrrits  the  plane  mirror, 
holds  a  concave  one  upon  the  opposite  side,  by  which  rays  of 
iieht  can  be  convergeti  upon  the  object.  To  adjust  the  fbona 
ot  this  to  near  or  remote  Bourcee  of  light,  the  ring  slides  upon 
tiie  arm  supporting  it.  It  is  thus  made  to  approach,  or  recede 
from,  the  «lago,  and  thereby  bring  the  reflected  rays  to  a  focus 
upon  the  object. 

Simftle  coniimser  is  a  convex  lens  of  moderately  long  focua, 
intervened  between  the  sonrce  of  light  and  the  plane  mirror. 
The  relative  positions  of  these  are  so  arranged  tnat  the  light 
is  hroiiglit  to  u  focus  upon  the  object.  The  lens  is  supported 
in  a  sliding  ring  upon  an  independent  stand.     It  may,  therefore, 

» receive  any  deBire<l  adjustment. 
Achromatic  eondmaera.  For  condensing  the  illumination  the 
lower  objective«  of  the  microscope  may  be  used.  Especial 
provision  is  ntadc  for  mounting  them  by  meanB  of  a  second  or 
6ob-stage  beneath  the  main  stage  of  the  instrument  The  suf>- 
tiage  ia  uttuchcd  to  the  arm  which  curries  the  plane  mirror.  It 
is  placed  between  that  und  the  stage.     Hy  means  of  a  rack  and 

■  pinion  movement,  it  traverser  along  the  supporting  arm.  recuiv- 

■  ing  the  proper  adjustment  to  cast  the  focue  of  the  achromatic 
combination  npon  the  object. 

083.  Oblique  niuminatioo. — Whore  transparent  objecta  present 
fine  grooves  or  ritlges,  they  are  often  invisible  when  submitted 
1o  axial  illumination,  but  appear  at  once  when  the  light  is  cast 
at  the  proper  decree  of  obliquity  upon  them.  According  also 
w  one  side  of  a  furrow  is  more  or  less  inclined  than  the  other, 
so  will  the  direction  in  which  the  light  falls  make  it  more  or  less 
evident 

The  sim]>leat  method  of  obtaining  oblique  illumination  is  to 
Timnnt  the  arm  supporting  the  mirror  and  sub-stage  upon  a 
pivot,  the  axis  of  which  should  pass  through  the  plane  of  the 
object.  The  light  iniiy  then  he  reflected  upon  it  at  any  de- 
nired  atigle.  If  at  the  same  time  the  movement  of  rotation  is 
given  to  tlje  stage,  it  will  be  presented  to  the  light  under  every 
azimuth. 

The  ainici  fniatn  is  a  prism  one  face  of  wliich  is  lens-ebaped. 
It  serves  the  purpose  of  a  reflector  and  condenser  in  securing 
oblique  illumination.  It  can  be  niounted  on  a  separate  stand, 
or  attached  to  some  part  of  the  iustrument. 

The  paraboUe  Uiumitudor  ia  a  colunm  of  glass,  the  upper  por- 
tion being  paraboloid  iu  shape  with  a  cup  or  depresttiun  in 
the  centre.     By  it  the  object  may  be  illumitiated   obliquely, 
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Fio.  267.       and,  if   desired,  made   to    appear    on    a  black 
grouod. 

Regarding  obliqu^  illumination.  Prof.  Carpenter 
flays :  "  A  good  example  of  the  varietr  of  appear- 
ances which  the  same  object  may  exhibit,  wheo  illu- 
minated from  difterent  azimuths,  and  with  sli^bt 
changes  of  focusaing,  is  shown  in  Fig.  267,  which 
represents  portions  of  a  valve  of  pleurosiffmaformO' 
sum,  as  seen  under  a  power  of  1800  diameters;  the 
markings  shown  at  A,  B,  and  C,  being  brought  out 
by  oblique  light  in  difterent  directions,  which,  how- 
ever, when  carefully  used,  does  not  produce  these 
erroneous  aspects;  whilst  at  D  is  shown  the  effect 
of  axial  illumination  with  the  achromatic  con- 
denser.    It  cannot  be  too  strongly  impressed  on 
the  young  microscopiet,  however,  that  the  special 
vtHne  of  very  oblique  illumination  is  limited  to  the  resolution  of 
'test  objects;'  and  that  for  ordinary  purposes  of  scientijie  atady, 
and  research,  axial  illumination  is  generally  preferable." 


Vuylni;  e  Recta  nt 
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584.  Seflected  Ultunination  is  employed  with  opaque  objecte. 
In  this  the  light  is  thrown  upon  their  upper  surface  and  re- 
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fleeted  thence  along  the  shaft  of  the  instrument.  The  simplest 
arrangement  is  found  in  Fig.  268.  In  this  the  rays  from  the 
source  of  light  indicated  by  the  dotted  lines  are  condensed  by 
a  convex  lens  and  brought  to  a  focus  upon  the  upper  surfiice  of 


le  rtbject.     A  plano-convese  lens  of  great  curvature,  eallod  the 
UVs-eye  conilensbr,  w  used   for  tliis  purpotte.     It  ih  mounted 
on  a  separate  Btant),  and  anj  desired  niovement  can  be  given 
»W>it. 

"The  optical  effect  ofeuch  a  buU'H-eii'e  differs  according  to  the 
ride  of  it  turned  towards  the  light,  and  the  condition  of  the 
lya  which  fall  upon  it.  The  position  of  Uasi  spherical  aberra- 
tion is  when  ir»  convex  side  is  turned  towards  pantHd  or  towards 
the  Uast  dipfrginfi  rays;  conaequcntl}',  when  used  by  daylight,  its 
plane  side  should  be  turned  towards  the  of>jfct;  and  the  euuie 
>sition  should  be  given  to  it  when  it  is  used  for  procuring  con- 
jrgiug  rave  from  a  lamp,  this  being  placed  four  or  five  times 
'fiirther  off  on  one  side  than  the  object  is  on  the  other.  But  it 
may  also  bo  employed  for  the  purpose  of  reducing  the  diverging 
rays  of  the  lamp  to'  parallelism,  for  use  either  with  a  paraboloid 
or  with  the  parabolic  speculum;  and  the  ptaiw-  side  i-t  than  to  be 
turned  towards  the  lamp,  which  roust  he  placed  at  such  a  dis* 
tauce  from  the  'bull's-eye,'  that  the  rays  which  have  passed 
through  the  latter  shall  form  a  luminous  circle  equal  to  it  in 
size,  at  whatever  diatunce  from  the  lens  the  screen  may  bo  hold. 
For  viewing  minute  objoctr^  under  high  powers,  the  smaller  con- 
densiug  lens  mav  be  used  to  obtain  a  further  concentration  of 

I  the  rays  already  brought  into  convergence  by  the  '  bull's-eye.'  " 
In  some  microscopes  the  arm  which  carries  the  plane  mirror 
hud  aohroiuatic  condenser  is  not  otdy  turned  to  one  i^ide  to  give 
ehliqae  illumination,  as  described  i[i  (o8S),  but  also  above  the 
Mage  to  give  reflected  illumiuatioo,  as  with  the  bullVcye  con- 
denser. 

The  Lieberkiihn  is  a  concave  speculum,  and  received  its  name 
from  the  celebrated  microscopist  who  invented  it.  '*  It  is  made 
In  tit  upon  tlie  cud  of  the  objective,  having  a  perforation  in  ita 
centre  for  the  paAsage  of  the  rays  from  the  object  to  the  lens ; 
an<)  in  order  that  it  may  receive  its  light  from  a  mirror  hcneutli, 
the  object  mnet  be  so  ntounted  as  only  to  stop  out  the  centut. 
portion  of  the  rays  reflected  upwards.  The  curvature  of  the 
speculum  is  so  adapted  to  the  foeus  of  the  objective,  that,  when 
the  latter  is  duly  adjusted,  the  raya  reflected  up  to  it  from  the 
mirror  shall  he  made  to  converge  strongly  upon  the  part  of  the 
object  that  is  in   focus;    a  separate  speculum  is  consequently 

I  required  for  ever}'  objective." 
The  pttraboUc  speeulum  of  Mr.  R.  Beck  is  one  of  the  most 
convenient  methods  for  obtaining  reflected  illumination.  "  It 
is  iittairhed  to  a  «pring-clip  that  tits  upon  the  objectives  (2  inch, 
11  inch,  1  ineli,  ^d  inch),  to  which  it  is  ns]>eciBll3'  Huiterl.  and 
ie  slid  up  or  dowti,  or  turned  around  its  axis,  when  the  object 
baa  been  brought  into  focus,  until  the  most  suitable  illumination 


fiOfl  ^^^^  OPTICS. 

has  beeu  olrtained.  Tbc  onlinarv  rnrs  of  difliitied  ilayli^ki, 
which  nia,v  be  eotididered  as  fulling  in  n.  purullel  directioti  en 
tfaespecuhim  inrned  towards  the  window  to  receive  them. ok 
reflected  upon  a  small  object  in  its  focus,  t>o  as  to  illuiniimKi  it 
sufficiently  bright  for  moat  purposes:  but  a  much  stronger 
light  may  be  conociitratcd  on  it  when  the  ttpeculum  ret*iTe8iu 
rays  from  a.  lump  placed  noar  the  oppoisiie  side  of  the  stage,! 
'  bull'B  eye  '  being  iuterpojHMl  to  eive  parallelistu  to  the  rays." 

Vertical  iliumm'jtion  ikrough  oiijet'^tive.  Mr.  Wenhani,  Pwf. 
H.  L.  Smith,  nnd  others,  nave  devised  venous  niethodft  for 
illuminating  opa([UC  objects  by  sending  the  light  through  th» 
objective  aa  a  condenser.  Ju  the  urrungcment  of  Mr.  Beck.* 
disk  of  thin  glass  is  attached  to  a  milled-head,  by  the  rotatioD 
of  which  it  may  receive  any  desireii  angle ;  this  is  introduoi 
through  a  slot  into  tJie  interior  of  an  adapter  inlerpo«ed  Iw- 
tweeu  the  objective  and  the  nose  of  the  microscope.  Tbe 
light  which  enters  at  the  lateral  aperture,  falling  upon  \ht 
oblique  surftice  of  the  disk,  is  reflected  downvvards,  and  con- 
centruted  by  the  lenses  of  the  objective  upon  the  olijcct  beucaili. 

595.  Folariied  lUumination. — In  the  application  of  polariztd 
ligbt  to  the  microscope  a  bundle  of  thin  plates  may  be  used  at 
the  poUifizer.     The  method  usually  empluyed  is  by  a  "  Nicol j 

firisni,  fitted  to  the  sub-stage.     A  second  "Nicol"  or  louroH| 
iue  ia  used  as  nn  analyzer.     It  is  placed  near  the  objective.    By 
means  of  polarized  light  important  peculiarities  of  tttructure  ar^ 
made  evident,  which  would  otherwise  be  invisible. 

d86.  Sources  of  Illumiaation. — Ist  SunUfjht.  "  The  direct  light 
of  the  8UI1  is  far  too  po%verful  to  be  ordinarily  used  with  advan- 
tage, unless  its  intensity  is  moderated,  eitlier  by  reflection  from 
a  plastcp-of-Parisniin-or,  or  by  passage  through  some*  moditier;' 
it  19,  however,  occaaionally  used  by  some  observers  to  work  out 
iatricate  markiiig>4  or  fine  color,  and  may  sometimes  be  of  ad- 
vantage tor  these  purposes,  but  without  great  care  would  be  a 
fertile  source  of  error." 

2d.  Daylight.  •*  The  young  niicroHcopist  is  earnestly  recom- 
mended tu  make  as  much  use  of  doyllght  as  possible;  not  only 
because,  in  a  large  number  of  cuacs,  the  view  of  the  object 
which  it  affords  is  more  satisfactory  than  tbat  which  can  be  ob- 
tained by  any  kind  of  lamplight,  but  also  because  it  ia  much 
less  trying  ta  tlie  eyes.  So  great,  indeed,  is  the  difference  be- 
tween the  two  in  t'liis  respect,  that  there  are  many  who  find 
themBclvea  unahlu  to  carry  on  observations  for  any  length  of 
time  by  lamplight,  although  they  experience  neither  fatigne 
nor  strain  from  many  hours  continuous  work  by  daylight." 


TU£    UlCBOSOOPfi    AND    THK    rBLiaCOFK. 


503 


t.  Cloud  Ught.  "  When  daj'light  is  eraployod,  the  micro- 
scope ehouhl  bo  placed  near  a  window,  whoec  aspect  Rhnuld  l>e 
(u  nearly  as  maj  be  convenient)  opposite  to  the  side  on  which 
the  sun  \»  nliining;  for  the  li^ht  vt'  the  hum  reflecltid  t'roiu  a 
bright  cloud  [a  -tlial  which  t)ie  experienced  inicroHcoplHt  will 
alwn_)'8  prefer,  the  ra,vfl  proceeding  froio  a  cloudless  blue  sky 
beiiitf  by  au  means  so  well  fitted  fur  his  purfHise,  iiml  the  dull 
luria  ro'flectioti  of  a  dark  cloud  being  the  worst  of  all." 

4th.   lamplight      "  Kor  tlio  examinalion  of  the  greater  pro- 

tortion  of  objects,  grtaii  daijHi)h(  is  to  he  preferred  to  any  other 
tud  of  light:  bill  tfootl hmplight  is  prutentble  to  bad  daylight, 
OBpecislly  for  the  illuniinution  of  opaque  objects.  When  re- 
course is  had  to  artificial  light,  it  is  essential,  not  only  that  it 
should  be  of  good  quality,  but  that  the  arrangement  for  fur- 
oishiag  it  should  be  Biiitiiblo  to  the  snecial  wants  of  the  inicro- 
scopist.'*  The  most  useful  liffht  for  ordinary  use  ia  that  furnished 
by  tiie  steuily  and  constant  flame  of  a  flat-wicked  lamp,  fed  with 
one  of  the  best  varieties  of  paraffin  oil.  For  all  ordinary  pur- 
poses a  flat  kerosene  flame  used  edgewise  answers  udniirablv- 

5th.  Position  of  (he  light.  "When  the  microscope  is  used  by 
daylight,  it  will  usually  be  found  most  convenieut  lo  place  it  in 
such  a  manner  (hat  llic  light  shall  be  a1  llie  left  hand  of  the 
observer.  It  ia  moat  important  that  no  ligiit  should  enter  his 
eye  save  that  wbicti  comes  to  it  through  the  microscope  :  and 
the  access  of  direct  light  can  scarcely  bo  avoided  when  he  sits 
with  his  face  to  the  light.  Of  the  two  sides,  it  is  more  con- 
venient lo  have  the  light  on  the  Iffi ;  first.,  because  it  is  not 
itiierfered  with  by  the  ri^ht  hand,  when  this  is  employed  in 
pvingthe  requisite  direction  to  the  mirror,  or  in  adjusting  the 
illuniinating  apparataa;  and  second,  because,  as  most  persons 
iu  using  a  monocular  microscope  employ  the  right  eye  rather 
than  Uio  left,  the  pnyeelion  of  the  nose  serves  to  cut  off  those 
latonil  ray^i  which,  when  the  Hght  (^omes  from  the  right  side, 
glance  between  the  eye  and  the  eye-piece.  The  lump  should 
always  be  placed  on  the  left  side,  unless  soiue  special  reason 
exists  for  placing  it  otherwise;  and  if  the  object  under  ex- 
amination he  trtwsfmroU,  the  lamp  should  he  placed  at  a 
distance  from  the  eye  about  midway  between  that  of  the 
stage  and  that  of  the  mirror;  but  when  the  instrument  can  be 
tuclinod,  the  lamp  nmy  he  moet  advantageously  placed  in  the 
axis  of  The  achromatic  condcnsor  or  other  illuminator,  so  that 
its  tight  may  be  transmitted  to  the  object  witiiout  intermediate 
reflection.  If,  nn  the  other  hand,  the  object  be  npaqiUy  the  lump 
should  beat  a  distance  about  midway  l>ehiiid  the  eye  and  the 
st&ee,  that  its  liglit  may  fall  on  the  object  at  an  angle  of  about 
with  the  axia  of  the  microscope." 
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687.  Augmentation  of  Hagniiying  Power. — "When  the  micro- 
gcopii*t  wishes  to  aiigtiu'iit  \i\A  niavrnitywig  power,  he  ha«  a  choice 
between  the  enijihiynient  of  an  objeetive  of  shorter  foeus,  an*^ 
the  use  of  a  deeper  eye-piece.     If  he  possess  a  complete  aeriea  t>* 
objectives,  be  will  frequently  find  it  bwttosubetituteoiieof  tb»^^ 
for  another  without  chan^ng  the  eye-piece  far  a  deeper  one     ^ 
but  if  liis  'powers'  be  separated  by  wide  intervals,  he  will 
able  to  break  the  ahruptnoRB  nf  the  increase  in  amplifio&tioi 
which  tlicy  pro<lnce,  by  ufiing  each  objective  first  with  the  shfl\ 
lower,  anii  then  witli  the  deeper  eye-piece.    In  the  exaniinatioi^- 
of  lar<;e  o[>aque  objects  having  uneven  surfaces,  it  is  generally 
preferable  to  increase  the  power  by  the  eye-piece  rather  than  by 
the  objective;  thus  a  more  satisfttctory  view  of  euch  ohiecis  mav^ 
uanally  he  obtained  with  a  3  inch  or  2  inch  objective,  ami  the  HSB 
eye-piece,  than  with  a  3A  inch  or  I  inch  objective,  and  the  A 
eye-piece.     The  use  of  the  draw-tube  enables  the  microecopisi 
still  further  to  vary  the  majruifying  power  of  hia  instrument^ 
and  thus  to  obtain  almost  any  exact  number  of  diameters  he 
may  desire,  within  the  limits  to  which  he  is  restricted  by  the? 
focal  length  of  his  objectives." 

588.  MeMurement  of  Magnifying  Power. —  For  this  purpose 
various  forms  of  micrometer  have  been  adapted  to  the  eye-pieee. 
The  method  generally  employed  "depends  upon  a  enniparisoo 
of  the  rfaf,  xlie  of  the  object  with  the  apparent  size  of  the  image; 
but  fuir  etitimate  of  the  latter  will  depend  unon  the  distance  at 
which  we  assume  it  to  be  seen;  since,  if  it  tw  projected  at  dif 
ferent  distances  from  the  eye,  it  will  present  very  different 
dimensions.  Opticians  generally,  however,  have  agreed  to  con- 
sider tai  inches  as  the  standard  of  comparison ;  and  when,  there- 
fore, an  oiiject  is  said  to  be  magnified  lOO  diameters,  it  is  meant 
that  its  visual  image  prnjecteu  at  ten  inches  from  the  eye  (as 
when  thrown  down  ijy  the  camera  lucida  (643)  upon  a  sarfttcc 
at  that  dihtanoe  beneath),  has  lOU  times  the  actual  dimensions 
of  the  object.  The  measurement  of  the  magnifying  power  of 
simple  or  compound  microscopes  by  this  standard!  is  attended 
with  no  difficulty.  All  that  is  retpiired  is  a  stage  micrometer 
accurately  divided  to  a  small  fraction  of  an  inch  [the  rK*^'  ^'" 
answer  very  well  for  low  powers,  the  ri^j-,yth  for  high),  and  a 
common  foot  rule  divided  to  tenths  of  an  inch.  The  micrometer 
being  adjusted  to  the  focus  of  the  objective,  the  rule  is  held 
parallel  with  it  at  the  distance  of  ttm  inches  from  the  eye.  If 
the  second  eye  be  then  opened  whilst  the  other  is  looking 
through  the  microscope,  the  circle  of  light  included  within  the 
field  of  view  crossed  by  the  lines  of  the  micrometer  will  he  seen 
faintly  projectoil  upon  the  rule;  and  it  will  bo  very  easy  to  mark 
upon  the  latter  the  apparent  distances  of  the  divisions  on  the 
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ilerometer.  and  tlience  tn  ascertain  (he  nmeiiiiying;  |)owor. 
TliiiB.  snpposiiitr  each  nf  the  divisionn  of  i-J-ijtTi  oV  (in  incli  to 
oorrt'^poiul  with  IJ  incli  u)ion  the  ruk\  the  linear  niugnityin^ 
power  is  150  dimiit'lers;  it"  it  corresponds  with  half  uu  inch,  the 
mugnifviDg  power  is  50  diameters." 

P  669.  Care  of  Microscope. — The  best  method  for  protecting  a 
minroseope  wlien  not  in  use  is  to  keep  it  under  a  glaiw  (shaile, 
tito  moutfi  riosed  hy  a  piece  of  cloth  laid  on  the  table  or  stand 
on  which  it  is  kept.  If  there  i«  any  dust  on  the  mirror  or  brass 
work  it  fnhoiihl  be  wiped  otT  witli  a  handkei*cbicf  bufure  it  hn  put 
awflv. 

It  specks  are  seen  on  looking  through  the  eyo-piece,  when  the 
mirror  is  adjusted  to  illuminate  the  lield,  the  eye-piece  should 
b«  rotated,  when,  if  the  dust  u  upon  itH  glasses,  they  must  l>e 
carefully  wiped.  In  eaflo  it  is  necessary  to  remove  the  lenpcs 
from  the  harrvl  to  wipe  their  iimer  surface,  thc>*  Bhouhl  Iw 
screwed  tip  taut  when  returned  to  tticir  places.  The  lenses  (if 
only  one  eye-piece  should  be  taken  out  at  a  time,  to  prevent 
anv  chance  of  their  becoming  mixed. 

If  the  dust  n|>oii  any  lens  is  very  fine,  it  can  often  be  blown 
off.  The  vapor  which  condenses  thereafter  must  be  removed 
by  quickly  traversing  the  glai^a  through  the  air.  Lenses  should 
not  be  wiped  unless  necessary,  an  tne  softest  material  is  apt 
to  injure  or  scratch  the  polish.  If  a  puft'  of  breath  doca  not 
answer,  the  next  imM  thing  is  a  camelVbair  pencil,  and,  tiiiully, 
ft  piece  of  boI^  wash-leather  out  of  which  the  dust  has  been 
beaten. 

I  If  the  objectives  are  kept  in  their  cases,  they  will  not  often 
're<]uirc  the  rcniovai  of  dust.  The  chief  danger  to  which  they 
are  liable  is  conlia-t  with  fluids  of  various  kinds  when  used  by 
uarclcss  haTid«.  W'licn  this  happens  they  should  be  cleaned  as 
quickly  as  poKsible. 

Whenever  objectives  are  handled,  Ilie  glasses  sliould  l>e  kept 
MS  far  as  possible  from  the  vicinity  of  the  skin,  to  prevent 
condensation  of  its  moisture  upon  them.  Any  cloudiness  tliat 
nniy  appear  in  their  interior  is  best  treated  by  the  maker,  espe- 
cially when  it  is  between  the  parts  of  any  of  the  achromatic 
lenses. 

590.  Care  of  the  Eyes. — In  regard  to  this  matter  we  quote  the 
experience  of  I'l-of.  Carpenter:  "Although  most  micro^copints 
who  habitually  work  with  the  monocular  microscope  accpiire  a 
habit  of  employing  only  om  eye  (genenilty  the  right),  yet  it  will 
be  decidedly  advantageous  to  the  beginner  that  he  should  learn 
to  use  eitlier  eye  inditforently;  since  bv  employing  and  resting 
,euch  alteriiutely,  ho  may  work  much  longer  without  incurring 
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unpleasant  or  injuriouH  fatigue,  than  whuii  he  lilwuv^  umplm 
the  same.  Whether  or  not  he  do  this,  he  will  find  it  r»l' gicit 
importance  to  acquire  the  habit  ot'  ktxpm^ojien  the  w-ei/iphaUpit. 
Thit4,  to  Bucli  ait  are  unacouBtomcd  to  it,  seems  at  tirat  vc-r)  <.-ir.- 
barraA-tiitg,  on  aooount  of  the  interference  with  the  microMOjtk 
image  which  is  occa»ioiie<l  by  the  picture  of  surrounding  object 
forme*!  upon  the  retina  of  the  second  eye;  hut  the  habit  of 
restricting  the  attention  to  that  impression  only  which  ie  rweirwl 
through  the  microscopic  eye,  may  ffeueratly  be  booh  uccjuirei; 
and  when  it  has  once  been  formed,  all  difficulty  twases.  Tbiw 
who  tind  it  unusually  difficult  to  acquire  this  habit,  may  do  well 
to  learn  it  in  the  tirat  instance  with  the  aseistancc  of  a  Bliult: 
the  employment  of  which  will  permit  the  second  eye  to  be  kq-: 
open  without  any  confusion,  bo  much  advantage,  however,  ii 
derived  from  the  nee  of  the  binocular  arrangement,  eilbcr 
stereoscopic  or  non-stereoscopic,  that  its  use  is  stronglv  recoiii- 
mended  to  every  observer,  save  in  eases  of  except ionarJifficully. 
There  can  be  no  doubt  that  the  habitual  uee  of  the  microscope, 
for  many  hours  to!»ether,  especially  hy  lamp-light,  and  with  hinh 
magnitying  powers,  has  a  great  tendency  to  injure  the  ei^lit 
Every  niicrobcopist  who  tJiut)  occupies  himtmlf,  therefore,  will  "lo 
well,  as  he  values  liis  eyes,  not  merely  to  adopt  the  various  pre- 
cautionary measures  alreatly  specified,  but  rigorously  to  keep  to 
the  simple  rule  of  not  continuing  to  of/serve  any  longtr  than  U  ow 
do  so  without  fatifftie.'' 


stiines      ] 


fi91.  Errors  of  Interpretation. — "  These,  arising  from  the  ii 
fectiuu  of  the/om/  a»(iustiiiatf,  are  not  at  all  uncommon  amon^ 
young  microscopists.  Indistinctness  of  outline  will  sometimes 
present  ibe  ap|ieamiiee  of  a  pelhteid  border,  which,  like  thfe 
diflract ion-band,  may  be  mistaken  for  actual  substanct.  Bot 
llie  most  common  error  is  that  jiroduced  by  the  reversal  ol 
the  lights  and  shadows  reaultinj?  from  the  refractive  powers 
of  thu  olijeet  itself;  thus,  the  biconcavity  of  the  blood-discs  of 
human  (and  other  nuLmmalian)  blood  occasions  their  centres  to 
a])pe»r  thrk  wlieu  in  the  focus  of  a  microscope,  through  the 
divergence  of  the  rays  which  it  uceastonR;  but  when  brought 
a  little  within  the  focns  hy  a  slight  approximation  of  the 
object-glass,  the  centres  appear  brighter  than  the  peripheral 
parts  of  the  discs." 

"  The  student  should  be  warned  against  supposing  that,  in  all 
cases,  the  most  posititse  and  strikiitg  appearance  is  the  truest;  for 
thia  18  often  not  the  cnse.  Mr.  Slack's  optical  illusion  or  sUtra- 
crack  sluie  illustnites  an  error  of  this  descrlplioD.  A  drop  of 
water  holding  colloid  silica  in  solution  is  allowed  to  evaporate 
on  a  glass  slide,  and,  wlien  quite  dry,  covered  with  thin  glass 
to  keep  it  clean.     The  silieu  depo&itcd  in  this  way  is  curiously 
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icke<) ;  and  \he_fi7}eit  of  these  cracks  can  I'C  made  to  present 
u  vcrv  positive  ami  deceptive  appearanue  of  bein;;  rai[^ccl  bociiea 
liUe  uUhs  threads." 

"A  very  important  and  very  frequent  source  of  error,  which 
sonietinieR  operates  oven  on  oxgierienecd  microgcopifttR,  lies  in 
the  refractive  influence  exerted  by  certain  peculiarities  in  the 
internal  structure  of  objectH  upun  the  niy(«  of  light  trunHniitted 
through  them;  this  influence  bc-inj;  of  a  nature  to  ^ve  rise  to 
U(»pearanccB  in  the  image  which  pu^'pest  to  the  observer  an  idea 
of  their  cause  t]mt  nmy  be  altogether  difltTunt  li-om  the  reality. 
Of  thit*  fallacy  we  have  a  'pregnant  instance'  in  the  ntiajnter- 
pretation  of  the  nature  of  the  (aft/ine  and  canalhuli  of  bono, 
which  were  long  supposed  to  he  solid  corpuscles  witli  radiating 
filaineuts  of  peculiar  opacity,  luetend  of  being,  as  h  now  uui- 
ventally  admitted,  minute  chambers  with  diverging  piiseagen 
excavated  in  the  solid  osseous  substance.  For.Jnst  «s  the  con- 
vexity of  its  surface  will  cause  u  transparent  cylinder  to  show  a 
bright  axial  band,  bo  will  the  concavity  of  the  internal  surfaces 
of  the  cavities  or  tubes  hollowed  out  in  the  midst  of  highly 
refraeling  substancfs  occasion  a  divergc-ncc  of  the  rays  passing 
thri'>ngh  them,  and  ronsequently  render  them  so  dark  that  they 
are  easily  mistaken  for  opuffUe  KolidK.  That  such  is  tliu  case 
with  the  ao-culled  *  bone  corpuscles,'  is  shown  by  the  eflect  of  the 
infiltration  of  Canada  balsam  through  the  osseous  eubstance; 
for  when  this  fills  up  the  excavations,  being  nearly  of  the  same 
refractive  power  with  the  bono  it3clf,it  obliterates  ihem  alto- 
gether. The  best  method  of  learning  to  appreciate  the  class  of 
appearances  in  question,  is  the  eom[wirison  of  the  aspect  of 
giohulett  of  oil  in  water  with  that  of  globules  of  water  in  oil. 
or  of  bubbles  of  air  in  water  or  Canada  balsaiii.  This  com- 
parison may  be  very  readily  made  by  shaking  up  some  oil  with 
water  to  which  a  little  gum  has  been  added,  so  as  to  form  un 
emulsion:  or  by  simply  placing  a  drop  of  oil  of  turjicntiue 
(colored  by  magenta  or  carmine)  and  a  drop  of  water  together 
on  a  slip  of  glass,  laying  a  thin  glass  cover  upon  them,  and  then 
moving  the  cover  several  times  hackwnrdA  and  tonvards  npnii 
the  slide.  Now  when  such  a  mixture  is  examined  with  a  suf- 
ficiently high  magnifying  ]>ower,  all  the  globules  present  nearly 
the  same  appearance,  namely,  dark  marginw  with  bright  cen- 
tres; but  when  the  test  of  alteration  of  the  focus  is  applied  to 
Ihom,  the  difference  is  at  onee  revealed ;  for  whilst  the  globules 
of  oil  8Urrounde<l  by  water  become  darker  as  the  objeet-gliwa  is 
devressni^  and  lighter  a»  it  is  rai.mt,  those  of  water  surrounded  by 
oil  become  more  luminotts  as  the  object-glass  is  depresMtl,  and 
darker  as  it  is  raised.  The  reason  uf  this  lies  in  the  fact  that  the 
high  refracting  power  of  the  oil  causes  each  of  its  globules  to 
act  like  a  doublc-c(>;it<'x  lens  of  very  short  focus;  and  as  tliis 
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will  bring  the  rays  which  pass  through  it  Into  convergenw  aia> 
tho  ([lobule  (i,  e.,  between   tbe  globule  and  the  objective),  its 
brightest  image  is  given  wUc-ii  tbe  object-glaas  is  removed  ftonn- 
what  fiirtbor  from  it  than  the  exact  focal  diBtancc  of  the  obj^tr 
On  the  other  hand,  the  globule  of  water  in  oil,  or  the  minole 
bubble  of  air  in  water  oi'   baJMini,  acts,  in  virtue  of  \Ia  iiifenor 
refractive  power,  like  a  double-«)nrt7M  lens;  and  a«ther»rio{ 
this  diverge  from  a  virtual  focus  below  the  globule  (i.  e..  between, 
the  globule  and  the  mirror),  the  spot  of  greojtodt  luminosity  vrilll 
be  found  by  causing  the  objoct-glass    to  approach  withm  ihej 
proper  focus.     A  thorough  mastery  of  those  appcarancus  ia  rer 
important  in  the  atudy  of  the  *  protoplasm  '  or  plants — the ' 
ooue'  of  animals, — which  includes  oil- particles,  together  nitfa 
spaces  occupied  by  a  watery  fluid,  which  (having  been  at  oni 
time  supposed  to  be  iwtW)  are  known  as  *  vacuoles.* "  ' 


592.  Jfon-vital  Motions.^The  power  of  aelf-raoveraent  is  gen- 
erally  given  as  the  leading  attribute  of  living  creatures,  but  it  16 
now  known  that  all  substances,  organic  and  inorganic,  will  e:^ 
hibit  a  kinii  of  motion  known  ha  petlesis,  if  reduced  to 
proper  degree  of  subdivision  and  suspended  in  a  fluid.  Wli 
the  specific  gravity  of  tbe  liquid  approximates  ctoselv  to  that 
of  the  particles  o'f  the  solid  a  less  degree  of  subdivision  is 
required. 

ThiH  "  Brownian  movrmenl,"  as  it  is  also  called,  is  oscillatory, 
the  particles  rotating  backwards  and  forwards  upon  their  ax 
and  clmngiiig  their  position  slightly  in  tho  field  of  view.  Amo 
the  subt^tances  that  show  it  to  good  advantage  are  tho  fine  kaol 
prepared  for  photographers,  when  suspended  in  water,  or  very 
finely  divided  puiiiic«.  Tn  examinatinn  of  urine,  minute  cryslafe 
of  certain  phosphatides  exhibit  this  motion,  which  must  not 
confounded  with  that  of  bacteria  and  like  organisms. 


M 

im 
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593.  Binocular  and  Chemioal  Microscopes. — In  tho  former  the 
pencil  of  light  from  the  objective  is  divided  by  a  prism  and 
passed  along  two  shafts,  each  terminating  iu  an  oye-piece.  By 
this  device  great  advantages  are  gained  over  monocular  instru- 
ments, in  certain  special  investigations,  especially  in  those 
binocuiiira  arrangeil  to  produce  Ktetcoscopic  eiiecte. 

The  chemical  mit-rosrope  differs  from  an  ordinary  instrumeut  ' 
in  that  tho  shafl  is  placed  below  instead  of  above  the  stag^^ 
The  object  may,  therefore,  be  examined  by  acids  and  other  I^| 
agents  without  injury  to  the  objective,  as  it  is  protected  u^^, 
tbe  glass  Hlidu  on  which  the  substance  liaA  boon  plaoeii. 

For  further  information  regarding  these  anrJ  all  other  matters 
eoQceriiing  microscopes,  the  student  is  referred  to  i'rof.  Oai 
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>enter*9  work  on  the  "  Microscope,"  from  wbicli  tliis  Chapter 
hiu)  tweti  so  largely'  quotud,  ami  of  whicli  wo  cannot  spouk  too 
Jtighly. 

P  593  A.  Fixatioa  of  Images  miiy  be  aucoiu]>liahed  eitbur  by  tbe 
"harul  and  [kmiciI  with  the  uid  of  the  cainera  luciilii,  or  bv  menus 
of  |)b«)tograph,v.  In  tbe  former  tlie  method  is  identical  with 
tliat  descrilHtd  for  ilie  measuruinunt  of  magnitying  power  in 
(i'ik8).  An  improved  camera  lucida  by  Zeiss  will  be  found  to 
offer  increased  facilities  for  this  operation. 

y    Where  the  photojfraphic  method  is  employed,  an  ordinary 
IcBiiiera  box,  from  whicli  the  lenses  have  been  removed,  is  sub- 
Btituted  for  the  eye-piece  of  the  microscojje.     The  two  iiistru- 
jnents  nmy  !«  connected  light-tight  by  meanfl  of  black  velvet  or 
Huth,  and  tbe  image  focusaed  on  the  ground  glass  of  the  camera. 
^  beam  of  aunlight  rendered  stationary  by  a  heliostat,  and  con- 
densed if  necessary,  is  the  best  method  of  illumination  for  high 
powers.     To  make  the  chemical  and   visual  foci  tbe  same,  and 
thereby  avoid  all  difficulty  in  obtaining  sliarply  defined  pictured, 
the  beam  should  be  paesed  through  a  glass  cell  tilled  with  hid- 
monio-sulphate  of  copper,  which  allows  only  violet  and  blue 
light  to  pass  freely.     I'rof,  J.  \V.  Draper  employed  this  method 
to  obtain  photographs  for  his  work  on  "  Physiology,"  and  was 
the  6r9t  to  make  photograplis  by  the  high  powers  oi'  the  micro- 

tope. 
6B4   PrepHr&tion  of  Slides  aiod  CJovors.— For  th«  tuppurt  of  th«  oWwji 
Udder  tliti  oblcvtivi*.  glati  »iid<a  tttv  niiuired.     Thet«  ar«  nulo  uf  s  paMot  plat* 
initntifai'liinHl  Tor  tiK'  juirjitiM.      It  Hhould  hf^  frci}  frum  uir-butrblM,  wins,  or  Otbor 
itapiirfKtioD*,  and  cut  Im  a  tm  of  thrcu  inclies  by  van,  wi;h  lh«  cxlgw  fcro^uid. 


Tbe  tAiumMt  xhciuld 


Thty  tnajr  b«  piircha.<«d  for  about  th«  enmo  cost  a*  the  k'^  lUelf,  and  *ort«d 
to  thicl 

**?"  _       -    . 

and  the  IMek  far  thoM  which  are  to  l>o  f;ruund  down. 


aoMrd^nj; 

b«  uted  for  invoalintioiu  rtquiringbiRli  pQwcr 


knvM  into  groups  for  diH'eri>nl  f>iii^>w». 

,  tuu  mtdtum  for  DrOinarjr  abject^, 


L  T-j  fitmiM*  Uu  9li'it4,  initnufe  them   for  Cw«ntvfour  hours  in  »troiif;  •iilphiiric 
Boid ;  then  rinw  in  noiuli  or  «uda  Bohitiun,  fullowed  hy  distilled  water;  then 

lli(>e  dry  with  a  lowal,  and  yo\iah  wiib  an  M  )iu.rid kerchief.     Another  method  it 

to  iitimerse  tberii  fur  a  day  \n  a  fliiid  o<>uipo«ed  of.^ 


PotataiuiTi  dit^hromale 2  ok. 

Sulpliuric  acid SB.  ox. 

Walisr SA  d.  ox. 


Won  a  lade  )■  ittea,  tl>e  dust  sUluiIcI  be  carerully  wiinki  on. 

Old  illdas  should  have  the  varnish  romoved  oy  Mrapini;,  Uien  b^  a  suitable 
solvOnL  adapted  Ut  the  nature  of  the  varnish,  then  rubbed  with  a  fluid  comjwisad 
«f  equal  paru  of  benxole,  alcohol,  and  U^uvr  »4a,  and  finalty  watbed  In  clean 
water. 

Tbe  Ihin  ylaMs  required  for  covering  and  protecting  the  objeot  may  be  purchased 
already  euL  In  equariH  aod  eIrclM.  Pieces  u  tbJo  u  fig  of  an  Inch  can  be 
oblained.  It  La  very  brittle  ;  and  If  required  of  special  sue,  mutt  be  laid  on  a 
[MM*  of  wet  plate  glaw,  to  prevent  cracking,  and  cut  with  a  writing  .diamond- 
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It  should  1>6iort»d  into  tbrM  gridet,  Um  thickMiror  low,  tfao  iMdiiimMdtU&> 
OMt  for  htgh  pow«r». 

For  injflctra  spMitn«ni,ftnd  thick  objects  requirlnf  ipkcsbetwMn  ihedideHt 
cover,  cella  are  Con»lruct«d  Ailhcr  wilb  rinp  ofremrnt,  glaw,  or  rubber,  prapuid 
tor  the  purpoc«.  Thaw  mnient«  Rr«  bIm  UB«d  for  i«nl)iig  th«  c«lb  «h«a  il« 
moiinting  it  oompUled. 

L«r|i;e,  de«p  cwb  are  built  up  oTcarvrully  ground  pieces  of  plate  glu*. 

686.  Proparatlon  of  Object— The  specimen  cuamtned  mtj  be  tHW 

tmnapnrorit  or  opnouc,  Quid  or  Miliil.  The  •inipltvt  rean  i*  m  Jha4  eantaitnf 
/tm  m/s  or  corprnvliw — e»,  fortxsrnplo,  blvMl.  In  iliK  in*Uiiice,  KdrnpUla**- 
fitrred  to  Die  centre  of  the  hIIcIo  by  »  glAu  rod,  llie  cover  in  then  c<>ntij  ls3dM 
in  such  II  man  nor  tlint  it  touchoaiilung  una  *kI«  lint ;  th»«nln>pping  i-f  nir-bubblti 
U  thut  uvoidvd.     The  uiargln  of  the  ucvor  U  thuu  tvuclicd  wtlh  h  pieue  of  b1otlJ0{> 

ititpor,  which  nhxi>rb«  the  exceec  of  fiutd  b;  cepUlary  iitLr«clion,  end  the  speci 
•  TrmAy  forrxuminalion. 

If  tt  udimtnt  it  ti>  bo  esmnfiiud,  It  ntny  hv  tnutfurred  without  uddiliunal 
lure  wiih   fluid,  b;f  the  >i*»  uf  e  ptpette  (Ibti) ;  It  it  then  covered,  and  eieui 
fluid  rainovrd,  a*  in  tbu  preirediii);  nue. 

Sv/t  tvlida,  Mpcctally  if  llbrou».aro  prepared  by  taliiDg  a  thin  slice  and  teatli 
the  flbrei  apart  by  ntetiJ-M.  For  this  purpose,  ordinnry  stwinj;  needles  esn 
fitted  into  wooden  handle*  by  the  ry«  extremity.  Thn  t'riti  mid  i*  slraight.oi 
curved  an  reqiiiriKl.  To  tibuin  tbo  latter,  relte  the  lumpiiniUiru  of  the  trvsmii 
for  a  moment  to  ri.*d  hrftt:  when  cnol,  bfnd  >■  dMired.  It  i*  then  af^aiii  luidt 
red-hot,  and  while  in  thnt  otaln  iinmernod  in  c<pld  water,  to  rvttora  hardneu. 


696.  Hardentcsr  aod  Seotlon-outTlDsr.— Ia  •  ereat  number  of  euei  it 

is  aeoeaaarj'  to  harden  imimal  »u UttatiL-es  bufure  they  can  Da  cut  into  thin  *».ni  " 
for  exBininatioo.  In  many  of  the  lower  CTeatur«e  the  proportion  uf  waier  U^ 
great  that  iia  removal  involvu  a  ebritikage  whit^h  cumpleteljr  obscarte  ttelr 
stTurtiire.     The  fulluwinK  ere  the  c-bi<.-{  a^cvnti  ei]i|i1i>yed  : 

Alwfiat:  Tbe  material  should  be  flr&t  itoakcd  fur  a  day  or  so  In  fi  inizluro  ot 
equal  [lurM  of  reotllted  spirit  end  water,  then  for  a  ruuple  of  days  in  TOctiOsd 
sniril,  iind  ihBn  in  aiMolule  alouhul.  Tbu  upacity  itrii>in||(  from  coiagulatioD  of  ttis 
albnminoiLs  constituenu  Is  avoided  by  the  addittoL  uf  a  little  causUo  soda. 

Chroitue  acid  Is  very  generally  employed.  It  should  be  kept  in  one  per  eeiiL 
lolnliim,  and  diluted  when  used.  Cturpenter  recommends  tlie  following  tnodeo' 
proci-dure: 

"  Thn  ntnnKtruuHi  having  benn  prepared  by  mixing  two  part*  of  a  oneaiith  p« 
ecnl.  solution  of  ubroinii-  iicid  and  <>nu  part  of  invliiylated  spirit,  tbe  niaierisl 
must  bo  cut  into  pli>c'e->  nhnut  half  an  inch  fMjuare,  and  put  Into  «  widtvmonthtd 
stoppered  bottle  hnIdinK  from  nix  to  trn  ouiires  of  the  fluid ;  thi*  fluid  should  bt 
changed  at  the  end  uf  iweiity-f'iurh<.>iiri>,  and  then  every  tbtTU  day.  The  material 
will  be  Kiiflicicnlty  hard  in  Tn^m  ci^ht  u>  twelve  day*.  If  not,  tbe  proceaa  nuii 
be  nontinut^d,  car«i  hvini;  taken  that  it  tin  not  so  prolonged  as  to  render  the  sub- 
stance briillo.  The  hnrduning  may  aflcrwards  bo  compluted  by  traoifhrring  tbe 
«iib»[aiice  first  to  dilute  and  then  to  stronger  jinlrit.  The  spirit  n)ust  he  changed 
a*  i>rten  n«  il  b<>oonie>t  foul ;  when  it  remains  nright  and  clean,  the  Bpec>iiM>n  is 
ready  for  cutting." 

VamifacUi:  "Thi<i  ngent  is  one  of  peculiar  value  to  the  nieroscopidt  wb«M 
studitu  he  among  the  lower  form*  of  animal  nnd  vi'gi.it«hl«  lifi-,  a*  il»  applioatiun 
immediately  kills  tbetn,  witbgui  prixliiuiiig  any  rntracltun  or  abrioking  of  tbeir 
parts,  and  not  only  preserves  thi^ir  tiMiics,  but  brines  nut  diU'erences  in  those 
which  might  olherwite  escape  observation.  It  is  sold  in  the  lulid  state  in  waled 
tubes,  ana  is  moat  conveniently  kept  as  a  one  per  cent,  solution  in  disiilled  water. 
Tbe  solution  ihnnld  be  presorveQ  in  well>stoppered  bottles  secluded  from  tbe 
light,  and  should  be  used  with  gr«at  caution,  lu  it  ^^^  forth  a  pungent  vapor 
wni'ch  is  very  irritating  to  the  eyes  and  nostrils.  To  the  histologist,  its  special 
value  lies  in  its  biackeijini;or  fulty  niHttfr«and  the  medullar,v  substance  of  nerve* 
Sbres.  The  embry<>!oi:ibt  tinds  it  of  peeiillar  value  in  givine  flrmneui  and 
dlsdnctnvs  to  the  delicate  textures  with  which  he  has  to  deal.     Various  degrees 
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of  dilution  of  tli«  une  percent.  Bolutlon  will  be  needed  forikMadSffiirant  pur|W46«. 
Mr.  P»rker  nnXei.  Ihal  he  bM  found  thi>  necnt  very  Rcrvlcmblo  in  th* prttptnitinn 
of  delicaU)  vegeuble  ttructurw.  Th«  mciil  inrmii  ta  b«  ukvn  up  by  Miob  Krinult 
of  tlie  protopliuiiB,  Knd  tlieM  (o  be  decoQ)poa«d,  giving  to  the  K;ninulu  tbo  charxo 
terbtlc  gnty  color,  tkua  Kt  th«  Mm«il(nel»>th  hurtl'inirig  nrnl  >liiining.  A  itiiiiure 
of  niao  pull  of  a  nnw-faurtb  p-er  c«nt.  aD]titii>n  of  cbraiHir  ncii),  with  vnv  pnrt  cf  n 
one  per  cent,  solution  at  oenuu  acid,  vntwon  fur  rnuny  purpotw  belter  than  (nmti! 
acid  aiwne,  the  brittlene**  prodtKed  by  its  u*«  h^ini;  com picitel;  avdided.  A^«^ 
b«-ing  subjected  to  thli  Kgont,  iho  ipecimenn  should  be  treated  iriih  cliiri^  per 
cent  ktcobol,  ((ndiultj  (ncrtued  in  stn>n{!;th  tii  nb«niiiti_>." 

Ft>r  cutlins  'A'"  *wt'on»,  vBrmmi  dovii-tu  iitv  I'inpinTpd,     The  f  implMt  («  that  bjr 
fb»Il,  lii^n>bladed  teijuort,  which  iiro  villier  Htnii|;&i  or  curved.     The  best  are 

Smvi^lrd  with  a.  tprinff,  by  tho  nctinn  of  wbieh  Lho  blades  arc  self-opening.     Pot- 
nvr  wurk,  and  (o  leaoie  p»mll«l  ■iirfHr'M.  ValentiDe'a  two-bladed  knife  wa>  tvr- 
tnerly  tued,  but  it  has  be«u  Bupvnodi.'d  by  belter  melhod*,  atnon^  trbfch  b  tbo — 

507.  Simple  Miorotonoo,  which  U  ile»oribetI  «>■  followi  hy  Prof,  Carpenter: 
"  Vftnoui  c(j*t:y  uiik-IiIik's  buvi'  boon  dtvited  fur  llii»  piirpote,  iivnic  uf  chcnt  chjir- 
sctarizrd  by  ({n^at  ingt'niiiiy  <'l"  ounirivanw^  nnd  hranty  nf  workmntiihip ;  but  ntiul 
of  the  purpoMM  tn  ului-h  IhiriL'  nrc.  iwlnplid  will  W  found  lo  be  aiuwered  by  a  veiy 
linple  and  inexpoutivv  liule  iii*irunu-nt,  which  u^ay  iiitlier  be  held  in  ihe  hand, 
or(»«  la  preferable)  may  bo  flnrily  otuicbed  by  mcdns  of  n  T-ihapedpiec*  of  wood, 
,yig>  209,  to  tb«  end  or  a  tablc!  nr  wnrk4>nm-h.      Thi«  imtrament  vonsUbi  enea* 

Flo.  2tll>. 


MlnvuviD. 

^tly  of  an  upright  bu1l«w  cylinder  uf  brnM,  A,  with  a  kind  of  pUteo  whjah  il 
putbKi  fh'tn  ncliiw  upwanlii  by  a  Bne-thn-Mlcd  nr  *  mlrrometar '  MNW  luta^  tip 
a  larce  niillrd^head,  B  ;  at  Ihc  upper  end  the  cyliiidur  l>:rminaiet  in  a  bf  au  lablu, 
C,  wuicli  il  phiMod  U>  a  flat  lurfaco,  ur  (which  U  prefcnhle)  ba*  a  piece  i>f  plalo 
CMM  cemented  to  il,  to  furm  liR  ciiitlng-bed.  At  one  Hide  la  feen  a  »rna)l  iniUed- 
■ead,  D,  which  acl*  upon  ii  *  biiiding*KCrew,'  wliiMe  extremity  pmjecU  iriin  Lhe 
cavllr  of  the  cylinder,  and  Mirvca  tu  wmpreu  and  ilcady  nii>tliicig  ihat  il  holds. 
t  A  cyllndrlcsl  itcni  nf  wood,  a  piece  of  litim,  whalt^btine,  cartilage,  oic.  In  lo  be 
Sited  to  the  interior  cf  the  cylinder  no  ai  U>  pri'j<>t-t  u  liltle  above  il»  U>p,  and  b 
lo  be  ileadii-d  by  the  ■  bJudinR-icrcw ;'  il  is  then  u>  be  cut  to  a  level  by  moans 
of  a  aharp  kntfe  or  raxor  laid  lUt  upon  the  tAhlc.  The  Ixrgc  mllled-beea  is  next 
lobe  moved  through  lui'h  a  puriion  of  a  turn  ai  may  vury  diehtly  itlevate  iba 
lulMtance  to  he  eui,  so  as  to  niiiko  it  project  in  an  aluidil  lnMmil>1c  drgroe  above 
lb#  ubte,  Aiiil  this  projecliog  part  i»  u>  l«  illrod  i>ff  with  a  knife  previdunty  dipped 
in  water.  F»r  many  purpoMia,  an  ordinary  nisor  will  nnswvr  •ufllciunity  w«ll, 
but  thinner  and  more  uniforni  scciiunt  can  be  cut  by  a  ipocial  knife,  having  lu 
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edge  psrallol  to  iu  bitck,  lU  sidoc  allgbll;  concavo,  uid  iUi  back  with  t  imlGxai 
thicknttuof  ratl)«r  Ism  than  od«  fourtb  iMh.  Such  it  knife  thnuld  barmiii'iln 
incbw  loag,  and  »«vaR-«j|rbtl»  iarb  bipad  :  and  nbould  b«  Mt  in  a.  handle  tVoai 
four  inobiM  long.  Thn  motion  ^ivun  Ui  iu  ed^  abuuld  b«  ft  conibinatioii  ddnrnf 
and  i)ivuin<;.  It  will  be  ganemtiy  found  tJiat  bottcr  tectioat  »n  miida  bj  woibt; 
tbeKDtfa /rom  ihg  opomtwr  ihso  tovtml*  liim.  Wh«n  on*  kIicu  bwboenlku 
taken  off,  it  Ebould  bo  removod  rrDm  tbi'  blad»  by  dipping  il  into  witcr,  or  ij  tin 
UA«ofatan]«r»-ha)rbrutb;  lb«  iiiiUbd-h«ad  «hiiuid  hoagainadvancad,  tnduuli« 
B«cLion  lu'-eo;  Mtd»o  on.  Diffeniot  subeunL-n  will  bv  found  b»tb  lo&wrullu 
require.  ditT6r<>nt  de^r^of  of  thicknesa  ;  and  Die  nniotint  that  atiilfl  mob  Oin  O^f  ^ 
found  by  trint.  It  ii  HdTi\nta|;«oiu  li>  haw  th«  lar^e  millod-hoid  gradiiilidi ni 
furnished  with  n  Axed  indox,  so  tJi&t  tliit  aoiount  listing  boca  onoe  dcUiBUMl. 
Ibe  screw  shkll  be  so  tum«d  u  to  utoduco  always  the  ctacl  elevaiioA  nquJnd. 
Where  the  substance  of  which  it  is  desired  to  obtain  sections  by  this  JoitranMiit  it 
of  too  finial)  a  ilze  or  of  too  soft  «  tcxturv  to  be  held  Sriuly  iu  the  nuuurjut 
described,  it  iiiav  b«  placed  belw-ccn  tho  two  veilti-iil  halves  of  a  cork  of  wituk 
•ize  to  be  pr«Meu  int')  the  cylinder  ;  and  the  cork,  with  tbe  object  it  gratpt,  is tlm 
to  be  slioed  in  thi)  umnner  already  described,  (he  Einall  teotion  of  the  latter  Mti|E 
carcftilly  uken  oR'  tho  knife,  or  floated  nway  from  il,  oo  each  occaAiun,  to  prdoi 
H  fhiin  oeins  lost  amtne  the  hLmellte  of  corlc  which  an  ntnoved  at  th«  saneti: 
Vertical  SK-tlonB  of  many  leavca  may  be  RUcotUBnilly  made  in  tbU  way." 

In  Hoilea's  microtome  the  irregular  actioa  of  the  rauing  screw  Li  coneettd 
tlie  use  of  two  cylinders,  one  working  inside  Lhe  other. 

When  the  substance  !•  veryaon,  it  is  embedded  in  a  cylinder  of  elder-pith, cut 
Iu  lit  the  cyliudor  of  tlie  miorotoiue.     Plu^a  of  paralBne,  made  by  pounnK  llx 
malted  material  into  the  cylinder  of  the  cQicroti^tue,  are  alw  employca.     The  fuV 
stance  ta  Ht  in  the  plug,  which  is  then  inserted  into  the  mtcf\)tome  evllnder.    T 
give  greater  CD  nib  ten  (TV  to  the  embedding  lualerinl,  tupeuially  where  ^aU  are 
various  forms  of  freezinii;  microioma  bare  been  devtMd.    Tbane  are  euealiil 
the  preparation  of  mciIotu  of  such  tiasties  as  lune,  when  the  fat  most  be  BafldeDllj 
aofV  to  pecetruCe  lhe  intenU(.-«s  of  the  bodv  to  be  embedded,  and  ailerwuds  piti 
sufficient  contuiency  lo  Ruit[n>n  the  Uhug 'before  the  edjce  of  the  knife. 

Thin  sections  of  bard  tissue*,  like  bone,  are  prepured  by  ^Hading  tbam  ddt 
afti^r  HtlHchiu^  them  In  glaM. 


.{Ul  I 
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S&S.  Ittjectlon.— Injections  choLild  be  onaque  where  inequnlitiea  of  fonn  ue 
to  be  shown,  and  tninxparonl  whera  the  veas«Uof  thin  transparent  niembraDMSft 
to  b«  displayed.      The   mutorial  generally  lued  is  ftne  fu*  or  ^latiite  of  the 
confi«t4'nL'e  of  a  firm  jctly  when  cold.    Tbo  solution  should  be  stmined  tbroi 
new  linnnol  while  hot,  and  presen-ed  tram  dust  under  a  layer  of  aloobol  ta' 
covemd  jar. 

The  best  red  coloring;  malt«r  ii  levicBt<'d  vertnition,  about  two  ounces  to 
pint  of  sire,  ihorouj^hly  mixed  therewith  while  melt^,  and  the  mixture  strati 
through  uuslin. 

Fi.r II  yellow,  freshly  precipitated  cbromate  of  lend  may  bo  employed,  lb  should 
b«  prepared  as  follows  :  l>is«ulve  200  gmins  of  plumbic  acetate,  in  another  portkm 
of  walcj- 106  grains  of  potassium  cbroraaie,  mix,  stir,  allow  prodpitate  to  setOe; 
decant  the  fluid  from  tho  sediment,  and  minj^le  the  latter  with  four  ounces  of  siu. 

An  elegant  method  of  injectins  consists  in  throwiD{;  Hnl  one  and  then  the  other 
of  tliwv  sijluiioas  into  the  vesaeU.     For  this  purpose,  lhe  solutions  should 
sftturated.     In  this  ca»e  the  nitratfl  of  lead  answen  betm  thao  the  scclale. 

For  white  injeclions,  carbonate  of  lead  is  recommended. 

BUiv  iujeclions  do  not  answer  well ;  Ibey  appear  black. 

The  syringe  should  be  fined  with  jet  pipes  of  various  siiies,  or  glaM  jels  may  be 
drawn  down  lo  lit  the  vesselii  accurately.  Since  deliealo  vesseb  are  otltn  easily 
cut  by  tluTod,  the  jots  should  be  used  without  liguLures,  as  large  a  jet  as  possible 
being  employed.  The  pressure  upon  lhe  pinion  of  the  syringe  should  be  modemte 
and  steady.  In  place  of  a  syringe,  a  vessel  tilled  with  the  iujeetion,  and  attached 
lo  ajel  by  a  long  rubber  tube,  mav  bo  used;  by  raising  the  ve»el  to  dtfeci 
height*  any  desired  amount  of  uni^rm  pressure  may  be  obtained, or  it  ma^; 
gradually  incn-a^ed. 


the 
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,  Wbtut  Lbe  injection  it  not  made  into  the  vcMela  of  the  living  creature,  it  should 
pparfbnncd  eilber  kI  once  aA«r  death,  or  wbeii  lb«  rigor  mur/u  bu  puMd  off. 
pJLlI  V6»9li  by  wbicli  the  injection  miKbt  etcspe  ibould   bo  lied,  knij  If  too 

'  lule  for  this,  the  tiuaea  tbBmselves  must  be  ligatured. 

0O9-  StalulzUE  "^U  oUher  by  limply  dysinn,  or  by  vbemloBliy  uoltlDg  with 
•one  of  tbe  orcunic  ciin^tiuienls  of  tbe  pre(«THtion,  and  tliiis  diSerentintM  then 
bom  otberi.  Th«  n^eiiU  which  dye  the  siru^toru  are  chiefly  animal  or  ?(^tabie 
aokrla;  DiBtten ;  Itiafcenenlly  n«oetaary  to  llxtheie  by  mean)  of  sumo  "mordant." 
TboM  which  act  chemtaUty  »n  mineral  ImhIIw. 

Slainint;  ii  iumetini««  dono  before  the  atoiIoQ'Cuilinjj,  •ometimea  afterwardi. 
Tbe  latter  method  it  to  be  followed  whan  tfa«  lis&ue  has  been  hardened  by  the  use 
u(  rhmmic  acid.  If  the  slaiuiiiK  U  to  be  m  ma»*e,  the  fluid  should  he  wvak  tmd 
It*  action  slow.  In  the  case  uf  thin  sections,  It  should  be  conducted  a*  rabidly  as 
ptiailble,  and  stopped  at  the  ri|chtiit4ig:o.  GenorallVtWutcb-glaweaorjmallcnpsulcs 
can  be  used  for  section-work,  but  when  the  Ininfnn  are  rery  thin,  thi!  upiunlion 
uiay  be  ooiwjuoted  uo  the  microscope-slide  on  which  the  preiMtralion  U  to  be 
■Dunted.  In  thb  case  the  fiuid  ia  added  and  reinovod  by  means  of  a  )maJl 
syringe.     Sometimes  It  is  carried  un  even  after  Lbe  Ihiii  eliuu  cover  has  been  put  on. 

Many  different  agents  have  already  been  tucceuflilly  ap|thed  for  this  purj<o*e, 
bat  the  field  h  yet  an  extensive  one  and  open  to  creat  improvement,  although 
iniportant  rasutts  havo  been  attained.  Among  tbe  subslances  which  have  thua  hr 
been  ulllitt*!,  tbe  following  deaerve  especial  meniion  ; 

Chrmirt*  wa.i  imi^  of  the  Hriit  used.  It  iitas  int^'du('cd  bv  Dr.  Hcsile  fr>r  dis- 
tinguishing pniti>pln>ni  ftoui  other  furiuLHl  uiAterial.  It  hns  an  vspni-inl  alSciity 
^r  ooll  nuclei.     It  is  prepared  M  followv: 

r 


Camiltao  ........     lOgra. 

Liquor  aumoniu    ■  f5Bi. 


fmtm  in  •  test-tube,  and  boil  for  a  few  seconds,  cool,  add — 


Aq,  dest. 
Glycerine 
Alcohol  . 


After  a  while,  filter.      If,  in  time,  the  carmine  depoeits,  add  a  drop  or  so  of 
ammonia. 

To  tx  tlw  carmine  stain,  immene  tbe  section  in  dilute  acetic  acid,  five  drops 
ti<  «n»  ouiuw  of  water. 

/>icro-camir»«,  diluted  and  used  alone,  gives  a  d'^iible-staioing  action,  nuclei 
attracting  the  carmine,  and  the  other  tissuea  the  piorii;  acid.  In  water  the  picric 
acid  IS  remorad,  and  tlie  carmine  stain  remains.  In  methylated  spirit  both  colors 
are  retained. 

ffcematfurytin.  or  extract  of  logwood,  ia  commonly  employed  in  place  of  carmine. 
It  is  used  as  follows : 


Extract  of  logwood 

Alum 

Water 


6  cnmnes. 
18        " 
28  cub.  cenL 


I^Unr,  and  n-ld  ^  of  alwhul ;  preserve  in  stopiiercd  bottle  for  a  week  before  itM. 
T^n  drc'ps  diluliid  with  wat4:r  in  a  watch-glass  may  he  used  foreanh  suction.    The 
color  should  hv  lixiv]  with  methylated  spirit.     The  aoetle  acid   mixture   used  to 
tx  the  carmine  suin.  will  romore  excess  of  hematoxylin  stain. 
Moffenta  McU  like  carmine,  hut  is  apt  to  fade. 


Magenta  crystals     . 

Aq.  dwt.  .... 

Alcohol  . 

Eotiii  gives  a  beautiful  carawt-red  mlor. 
AnUiiie  ifyu  for  blue  and  grven  oolun. 


514 


OPTICS. 


ArstriHa  nitralt  and  .-( uric  tMvride  KN  WtDcUitiM  nmploypd  ;  the  tottBM  In 
epHhutiiiRi  oflli),  the  lAiier  for  ii^n'^,  l'n<lon,  «nd  CMrlilnj^  cvlla. 

V«luiilil«  infurutatiun  muy  trflon  b«  vbtxiiivd  \>y  U>«  uw  of  twg  or  thrMfOitiD^ 
Buid*.  web  of  wbicb  will  b«  Axed  !>}■  dlffei«nt  tiMuas.  If,  for  oiampl*,  t  MrtU 
U  mftde  through  the  bu«  of  *  eat't  loheuc,  Hnd  submitted  to  th«  ftdion  of  •  mit- 
turs  of  picr»-cHnnin«i,  roM>in,  and  ivdinr-gnrn,  th«  musolo-flbrw  will  itkc  ii« 
Bnt;  tbe  connwilvv  iImui  nnd  protoplum  cvllb,  Uif  ceoond;  tli«  non-Mnvtd 
mtuda,  «pithnlial  c«lb,  th«  ibird-  Tb«  oHecU  mn  rnoT«  airiktng  If  ofw  fluid U m1 
ftftgr  iDuUittr. 

eOO.  Ohemloal  TeetlCtf  I*  b«at  ucotnplUhod  hy  in^nn*  of  »  traiitfini 
■jriiigei  upon  the  »iid«  on  which  ib«  objeci  ii  to  be  mounivd.  For  cKiuniniiN 
of  iDot^nio  bodiw  nil  kindB  of  reaeenu  mnv  b«  umm),  but  in  Ii)f>1>  gli-iU  ikiM- 
tigfttloni  lb«  fallowing  Ai«  of  GSpKiu  imiiurlance: 

Lugot't  aofutwn  lurua  itaroh  b1u«,  celluloM  brown,  inil  Klbumlaoiu  U^«*  a 
lotvnH  brown. 

Niirie  acid,  conc«ntrAt«d,  givei  inten»e  jelluw  to  nlburoinnUa. 

Uillon^t  rtagtnt,  Hcid  nimt«  of  mercury,  hivoi  n  r«d  with  tibuminutdi. 

Atetie  citiii  %alb  upon  certain  liauM,  to  thst  nticl«)  ftre  mitdo  tnot^  nti|>«R<it. 

Fixed  alMalin,  ill  Aolutton,  act  mm  •oWenU  un  tanny  tiwiir*  ;  lh»  cvllt  >i(  Itnj 
(Iriiclun*  mnr  ihui  be  niado  evident. 

KtAtir  diwoliret  ruin,  fiiu,  nnd  oils,  wlion  not  protectrd  by  mc4nbnn<i  ntknl 
wilb  wnter. 

Aleokol  dIsioWw  raini  nnd  some  vulatilo  oiU,  but  not  tb«  ordiimiy  oili  tai  ^>*- 
It  eongolntes  albumin>iid>,  thua  rendering  juch  tluue*  mora  opaqu«. 

001.  Preservative  Media.— ReK»idinK  thew,  Prof.  Cacpentn  uyt: 

"  A  broiul  distinction  may  be  in  ilia  firtt  plaice  laid  duwn  between  rnamutt**^ 
aytirtius  pr«t«rvttlive  media;    to  Iho  former  belong  only   Cniiadit    ImImM  vi 
demmar,  whilst  tfauluttrr  include  all  the  tnixturea  of  which  water  ii  a componfOt. 
The  choice  between  the  twu  kinds  of  mwlia  will  panly  depend  upon  the  rainn'' 
thu  ptKCosMM  U*  which  tbe  object  ihhv  have  b»vn  pra«ioutIy  tubjecled,  and  f^J 
Upon  the  degree  of  tnuuparenci;  which  may  be  advaniagMiuaTy  iinpan4Nl  to  it. 
Bcctinm  of  aubstsncea  which  have  been  n>it  only  L-nib«ddcd  in,  but  peneUiUdh?' 
jutruSiiio,  wax,  or  cacao-biitlcr,  nn>i  have  been  ttaitii'd  (if  dotired)  pre*iouil/1v 
culLinj;,  are,  as  a  rule,  mott  cnnveniotiily  mounted  in  Canndu  balum  or  datniHr. 
since  thfly  can  be  at  once  iranFferrvd  to  either  of  Iheee  flpom  the  mf  nitniuii  hj 
which  the  vinb^dio);    inatcrinl  hat  been  disxdved  out.     The  durabiliu  uf  ihil 
niclhod  of  mouniine  luskes  it  proferahle  in  all  oaiee  to  which  ii  li  euiubk:  ill* 
exception  being  where  it  renders  a  very  tbin  section  loo  trausparvnt,  whifb  ll 
tpt'i'tally  liubte  to  ha[ipeu  wilh  damroar.     When  jL  ii  detiied  tt>  mount  in  cltlwr 
of  lhi>!i«  media  sections  of  tiructurea  ihHihave  been  embedded  in  gum  or  geltlint. 
ibeaM  >ub»liutc«*  must  flnt  be  completely  diMoWed.out  by  steeping  in  watt";  the 
HClloDi  must  then  be  '  dehydrated '  by  kubjevChiK  Ibein  to  mixtures  of  »pint  itid 
water progrvaii voir  increased  in  strength  i*:  uhsoliite  alcohol:  and,  atltr  thisbn 
baen  effeeted,  they  are  to  betransferr^to  tur|ieRline,  and  thence  to  beniLiih]     In 
Uii*  process  mticli  of  the  staini(i|;  is  npt  lo  be  lost,  to  Ihttt  fetaiM»d  sectioni  are  oti«n 
more  advantageously  mounted  in  wme  of  those  aqueous  preparations  of  glycsrtiM 
which  approach  the' resinous  media  In  transparence  and  permanenoe." 

Among  ihe  sijueous  media,  the  fi^llowing  buveeapeciaJ  conaidefaik^n : 

DiatiiUd  itNitor,  saturated  with  camphor,  for  minute  protophytw.  Tbe  addition 
of  on6>ientb  part  uf  alcohol  is  of  advantage  when  tbe  preservation  of  color  rt  out 
daslrad- 

GurJxiiic  acid  aotutioH,  made  wilb  oold  diaiitlpd  wnter. 

Salieytic  acid  solution,  in  water,  fur  delicate  itriictures. 

(3(ycmnc,  either  alone,  diluted,  or  uiiied  wUh  gelatinous  subetanooa.  "Two 
cautlfins  should  l>e  given  in  regard  to  the  eimployment  of  glyeerine :  Jirat,  that, 
a«  it  hH»  a  kulvent  power  for  carl)»iiate  of  litnc,  it  should  not  ha  us«d  for  motintin^; 
any  ubjecl  hsTinR  a  citlcaivous  skeleton;  and,  Komd,  tbtit  iit  proportion  u  it 
incriaHis  tbe  transparence  uf  organic  subsiknces,  it  diminish^  the  rrfl^ting  power 
of  th«ir  surface*,  and  should  never  be  employed,  thorvforo,  in   th«  mounting  of 
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oljflort*  to  be  viewed  bj  reflect^  lichl,  iiltlioiigh  aiuny  objccU  mounti^d  in  tbo 
tB«dt«  l»  be  {irewtiily  fp4M:i(tcd  arc  bcuiinnilly  ithown  !>}■  '  b  I  nek -g  round  '  illumU 
natioo. " 

(J fvMriiM  jif/y,  subject  to  tbo  miiiv  cautions.  t(  muj  be  prupitrvd  >a  followi: 
**  TkK«  aujr  qxaniity  of  Ncltnn'i  gclalinc,  nnd  Int  it  *r«k  for  Iwn  or  tlirce  hours  in 
oold  water;  p^Mir  "ft*  th^j  itip^rfliKni*  wnuir,  Nod  hi>iil  Ihv  iwiaktvl  gvtatini;  until 
mcltnl.  To  encb  duidouncu  of  Ihu  gcUtiii(>  ikIJ  ono  dncbni  of  ulcohol,  and  mil 
wait ;  iheniulda  lluid-dnchm  of  the  wbit»of  an  ef^g.  Mix  w«ll  whil(*lhi>  t;»Iiitine 
U  fiuid,  but  cool.  Now  boil  until  the  albumen  coaj^ulatoi,  and  the  gelntinc  la 
Qoita  dear.  Filler  tfarouxk  flnfl  Hanncl,  and  to  each  fluidoun«i  of  the  clarifiod 
^luin*  add  (ix  duid-dmching  of  ]'rice'«  pure  glycerine,  and  mix  well.  For  the 
ilx  fluid -dnicJimB  of  glycerine,  a  mixture  of  two  parte  o(  filjoetltm  to  four  of 
camphor-wnter  may  b«  iulutituied.  The  objecta  intended  to  be  mounted  in  thia 
nvdiuui  aie  beet  prepa(«d  by  beine  immenwd  for  lome  tim«  in  a  mixture  of  one 
pan  of  elycerine  witn  one  nart  of  diluted  alcobo]  (oae  of  Klcobol  to  i\x  nf  wat«r). 
A  tmair  quantity  of  carbuliL-  actd  may  be  added  to  it  with  advnnlni^t'.  Whan 
uud.  the  jellt  muol  be  litjuefled  by  gentle  warmth,  and  it  is  useful  to  warm  both 
tbe  tilde  ano  the  oover-^law  previouslv  to  mounting.  Thb  taki-s  the  place  of 
what  wiu  fnmiCTty  known  at  DcADe's  mftjium,  In  wbiob  bonuy  wa*  uned  to  prevent 
Iba  hardt-niug  of  tbe  tietatlne." 

601  A.  The  Hiorosoope  and  Disease  GermB. — We  have  given  the 
details  of  the  processes  of  staining,  section-cutting,  etc.,  to  euable 
the  student  to  untlerstmul  the  methods  t^Horted  to  of  late  in  the 
study  of  the  relations  of  (.-erlain  plant-gorms  to  varioua  diseases. 
TbHt  the  importance  of  this  subject  may  be  appreciated,  ^ve  give 
a  list  of  tbo  BpecimenB  exliibitod  at  the  Hiologir^l  Laboratory 
of  the  Health  Kxhibition  at  London,  during  the  summer  of  1884, 
preceding  it  with  a  brief  account  of  the  organiuniH  themselves. 

They  are  known  as  Sehizomt/reUa.  They  resemble  alga^  in 
thai  tliey  lire  in  water;  and  plants,  in  that  they  can  feed  upon 
unnioniu  for  their  nitrogonizod  material,  but  thoy  cannot  de- 
compo?"e  carbonii!  acid.  Their  carbon  food  la  (icrired  from 
carbohydrates.  The  following  five  well-detiued  groups  are  reo- 
Ognir.eu : 

1.  Micrococci.  Dark-colored  spherical  or  oval  minute  cells. 
Sometimes  spores  of  bacteria,  or  bacilli,  but  as  they  often  do 


Fio.  270. 
XlwoeMd. 


not  develop  into  anything  higher  than  micrococoif  must  be  re- 
garded as  a  special  form. 

2.  Biuteria.  Minute  oblong  cells,  usually  attached  in  pairs 
end  to  end,  are  sometimee  single,  reprndueo  hy  fiRsion^  UBually 
in  vacillating  movement  by  their  /f'7j7cW'/.  Flagella  frequently 
TirVlTirv*^'  ^"*^^'  ihi^'^i  i"  special  furtiients,  &&  that  ufttour  milk. 
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A.  Bvtrriniu  termo,  4000  dbunetvn.    B,  C,  D.  Bacterium  Uneol*,  3000  dluMtan. 


Via.  27'i. 


.^Ci^ 


A    BuciUiu  (ubtilli,  4000  dlunetcn. 


FlO.  278- 


Vlbrio  rogillB,  2l>U0  dlBmuten. 


Fig.  274 


A.  Siiirillum  imiiiila,  'UAU  <lLHUittt-r9 ;  II,  Sjilrllluiti  volutalu,  ^9100  diunetert. 
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£acini.  Special  character,  exteusion  of  ito  celln  iuto  straight 
rodSf  sometimes  very  long,  which  diviile  transvervely  into  sepa- 
TAtecellfi  with  flngcllumat  eachend.  Move  in  a  pausing  mautier^ 
like  a  fiah  forcing  ita  way  through  reeds.  B.  antliracis,  j^ff^th  to 
f^^^th  inch  long.     Multiplv  iJcHnitely  in  tiaanee. 

14.  Vihriones  resemble  bacilfi,  but  are  flexible  instead  of  straight 
Formed  chiefly  in  infuaions  of  docompoaing  organic  matter ;  have 
[i-W»vy,  serpentine  movement 
fi.  Spinitu  are  the  largest  of  the  group.  Have  the  cell  spirally 
coiled,  and  posaeaa  a  corkacrow-hke  movement;  found  in  stale 
liquids  whitm  have  passed  through  the  active  stage  of  putres- 
cence. 

tAIl  these  multiply  either  by  transverse  cell  subdivision,  or  by 
the  breaking  up  of  their  endoplasm  into  spores,  the  reproduo- 
tjou  of  which  is  BUtirely  non-sexual. 
Most  of  the  specimens  in  the  Biological  Laboratory  were  cul- 
■tivated  in  an  infusion  made  aa  follows; 

^B  L^An  miitt .         I  poiind- 

^^^      Ciolnlinq 100  (irafutDW. 

^^^^     Pepiono 10        " 

^^^B     Sodium  cblorido 1        ■< 

^^"      Wntor,  di.till«d 1  lltn. 

"  The  solution  is  boiled  and  kept  in  separate  flasks  plugged 
■with  cotton.  The  mouth  of  the  tube  is  also  protected  from  con- 
tact with  air. 

Th*-'  infusion,  when  cold,  sets  aa  a  jelly,  and  in  it  the  growths 
lake  place.  Sometimes  they  liquofj-  it.  In  all  cases  the  greatest 
care  should  be  taken  to  sterilize  the  infusion  by  heating  it  one 
hoor  in  the  tube  in  which  the  experiment  is  to  be  performed, 
at  100"  C,  keeping  the  tubu  plugged  with  cotton. 

A  single  drop  of  London  water  drawn  from  the  tap  into  a 
[test-tube  containing  two  inches  of  this  infusion,  quickly  Iiquelie<l, 
(and  produced  a  copious  deposit. 

Violet  and  fluorescent  bacilli  were  exhibited;  also  bacilli  from 
[^reen  and  blue  pus,  and  from  blue  milk. 

Bacilli  of  tubercle,  found  in   all   tubercular  and  scrofulous 

idiseases  of  joints,  bones,  gtaitds.  and  in  phthisis,  were  best  cul- 

'tivated  in  sterilized  blood  t^eruni,  maintained  at  the  temperature 

of  the  body.     According  to  Dr.  Koch,  inhalation  of.  or  inocula- 

Ition  by,  these  germs,  produces  tuberculosis  in  tho  lower  animals. 
Bariili  of  enieric  fecer,  obtained    from   sections  of  iotestinal 
ulcers,  found  also  in  tho  spleen,  liver,  and  in  the  kidney,  in 
colonies  in  the  bloodvcRsels.     Cultivated  in  meat  solution. 

Bacilfi  of  anthrax,  occurring  as  wool-sorters'  disease,  and  ma- 
UgnanC  carbuncle.  Found  in  hlood  and  in  heart  tissue.  They 
are  the  largest  of  bacilli.  Cultivated  in  meat  solution  produce 
spores,  but  not  in  the  body.     Inoculation  in  lower  animals, 
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according  to  Dr.  Kocb,  causes  rapid  development  of  thediwase 
and  deatu  in  a  few  boure,  the  bIoo«l  being  lilled  wilb  the  cliarac- 
teristic  bacilli. 

BaciUi  of  mouse  septioEmia,  found  in  decomposing  fluids,  in 
very  Bmall,  produce  haziness  along  track  of  needle  in  not 
Bolntinn.  Mice  inoculated  die  in  40  to  72  hours,  bacilli  in  the 
blood  and  in  white  corimBclcs,  Inoculattd  in  ear  ot'  n\>\nl 
causing  swelling  aud  rednciw  extending  to  other  ear.  Di8a[^<p»n 
in  6  or  ti  daye,  leaving  the  animal  protected  tor  a  time  opinsl 
the  disease,  a  point  worthy  of  upeciai  attention. 

Jiacilli  of  chickm  cholera  produce  hemorrhagic  enteritt§  of 
duodenum.  Are  very  minute  and  stained  at  endB.  FowUaml 
pigeons  inoculated  die  in  17  to  20  hours  with  great  number  of 
bacilli  in  the  blood. 

3iicTococc\  of  acttie.  osleomydiiis  in  man  occur  in  the  pus,  nuT 
be  cultivated  in  meat  solution  or  in  blood  serum.  Introdoeeil 
into  rabbit's  veintt,  if  the  bonc«  have  been  injui-cd,  caasedeatli 
on  the  12th  day,  the  condition  of  the  boncfl  being  the  same  as  in 
man  in  tliis  disease.    Is  found  in  the  pus  and  blood  in  colotiiM- 

MicrocQCf'i  of  ii'-ute  to/t/ir  pnrinnonin.  Found  in  blood,  sectioiu 
of  affected  parts  and  their  exudations,  especially  in  death  in  the 
acute  stage.  Grow  rapidly  in  meat  solutiou,  particularly  >t 
points  of  entrance  of  needle,  hence  called  nail-Hke.  No  capsule 
lu  cultivated  kinds,  but  developed  in  creatures  inoculated  irith 
tlie  cultivated  material.  Inhaled  hv  mice  cause  pnonmonilb. 
Injected  into  pleural  cavity  give  pleurisy  and  pneumonia.  Dog^ 
guinea-pigs,  mice  affected;  rabbits  not. 

Mkroeocci  of  erysipelas  in  man.  Found  in  lymphatic  vosw^* 
at  Bpreadiug  margin  of  tbe  redness,  many  tubes  being  coi»>: 
pletely  blocked  with  these  oi-gjinieins.  Grow  in  chains;  culC-^ 
vated  in  meat  solution.  This  inoculated  in  ear  of  rabbit  pn:^ 
duces  disease  like  erysipelas  in  man,  with  same  condition  C^ 
lymphatics.  Tn  man  lupus,  rodent  ulcers,  and  cancerous  turoorn 
have  been  supposed  to  be  influenced  favorably  by  cultivate^ 
erysipelas  inoculation.    (Dr.  Febreisen,  Berlin,  1883.)  I 

Mirroc^cnis  Tefragaiua.  Found  in  phthisical  sputa  where  de^ 
struction  of  lung  is  rapid.  Unstained,  resembles  sarcina;  stained  \ 
tliu  groups  are  made  up  in  fours.  Inoculated  in  mice  and  guinea-i 
pi^,  they  die  in  2  to  10  days.  The  4  groups  found  in  capiM 
lariea  of  all  the  organs,  large  mosses  of  these  accumulating  iiril 
the  spleen  burst  through  its  peritoneal  coat  and  eauao  peritomtisJ 

III  addition  to  these  cultivated  specimens,  ]>ho(ographs  of  th^ 
following  were  exhibited.     The  power  best  aihiptea  was  70' 
diameters. 

Nos.  I,  2,  -i.  Pyiemia  in  rabbits,  micrococci. 

Nos.  4,  5,  7,  S,  9.  Erysipelas  in  man,  micrococci. 

Nos.  10,  13.  Osteomyelitis,  micrococci. 
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of  Ab^cuRR  in   rabbits, 
Spirilla  among  blood 

Lirer  section  plngged 


No.  11.  Diphtberitio  inflammation  of  Madder  in  man,  plugs 
of  micrucocci  in  kidney  vessels. 

XoB.    14,  15.  Progressive   formation 
tDicroctKxi. 

No.  16.  Recurrent  fever  in  monkey. 
corpuiicU-a. 

No.  18.  Ditto  in  man,  similar  »piralla. 

Xos.  19.  22,  28.  Smallpox  in  man, 
with  micrococci. 

Nos.  20,  21.  PyeloneplirltiB.     Micrpor^nisms  in  tubules. 

No.  26.  Erysipelatoim  process  in  ral)bit«.    Long  delicate  ba- 
cilli penetrating  the  tissues. 

No8.  26,  27.  Ulcerative  endocarditis.    Heart  section.     Plugs 
of  micrococci  in  capillaries. 

Nob.  28,  H2.  ^Scpticiciina  in  rabbits.     Small  intestine  eection. 
Capillary  plugged  witb  oval  micrococci.    (Same  in  glomerulus 
if  Kidney. 

Nos.  3(.t,  81.  Septiciemia  in  micc^  !)lood,  and  section  of  car 
«hmving  minute  bacilli. 

No8.  33,  34.  Splenic  fever  in   rabbits.     Section  of  kidney, 
bacilli. 

Noe.  3o,  36.  Glomerulus  with  autbnix  bacilli.     Same  in  sec- 
■tiona  of  villus  and  of  tivor. 


603.  Telescopes, — According  as  these  depend  upon  concave 
mirroi-H,  m-  cDuvex  li-ti!*o«,  for  iheir  action,  they  are  callcii  catop- 
Irie  and  dioptric  instrunK-m.'i.  In  the  Utai  the  pencil  of  light 
reflected  from  the  concave  mirror  is  passed  through  an  eye-piece 
to  the  eye.  In  Che  second,  ihe  objective  or  lens  is  a  convex- 
achromatic  of  long  focus,  and  considerable  diameter,  from  this 
the  rav^  arc  also  potuted  through  an  eye-piece.  The  laller  is 
generally  of  the  form  described  in  (573).  When  a  telescope  is 
intended  for  use  on  land,  or  for  objects  at  a  moderate  distance, 
it  i«  called  ierrfMrial ;  when  for  <'ontemplation  of  objects  in  the 
heavens,  i-desHaL  In  the  former  the  eye-piece  is  so  modified  as 
to  present  an  erect  image,  in  inijtrunientH  for  obocrvution,  or 
reading  scatcs,  and  for  other  purposes,  as  the  spectroscope,  this 
form  is  couinionly  employcil. 

The  opera-'jbuts  is  constructed  upon  llio  principle  of  Galileo's 
telescope,  wliicb  is  the  simplest.  It  coneiets  of  two  lenses  only, 
viz.,  a  douhlu-coiivcx  as  the  objective,  and  a  double-concave  u 
the  eyo-picee.    Thus  a  very  bright  erect  imago  is  produced. 
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CHAPTER    XXVII. 

DOUBLK  KEKRACTION.  INTERFERENCE,  DIFFKAOTIUN.  AM( 
POLARIZATION. 

Double  rcOactton^-Ordiniinr  kod  nxLraordiiiKry  mj — ^Interfrrcnce  of  Ugtil— tHl- 
fraction — IKOraction  aiteotri — PIadc  polariii&tidii  br  rellc^ioiv— Anitle  <^ 
poturiealion^PoUrixnlion  by  ni agio  refraction — PoIurizjitKin  bv  dt^uM' t^ 
fraction— I'oi  a  rising  inBlrum«nta — Tb«>orr  of  polarized  light — Interfpr^iic*'' 
polaritvd  litrbl — PvpoUrizution — Acllouvrtbin  BIni» — PrwIucUvn  offvlowl 
rin|!:G  by  polamed  ligbt — Dcftction  of  tuoleeuliir  chatifie  by  poluiied  liflii-' 
KltlpKcBl  ftixl  dreiilir  prtlartminn — Theory  at  MIipiic«)  and  rircubr  pabrv 
zAtiun — Pmduction  of  circuParly  {wilaijecd  light — Productirm  of  ftUifitiratl 
polnriEul  li^ht — Pmdm-tinn  nnd  thmry  of  rotnlory  polarixation — Cotoraiu 
by  rv'laiory  polnrixution — Kvlaiory  power  of  liquid:— Suocbiiri meter. 

TiiKiiK  lire  addltioTial  phenonioTia  presented  by  light  noder 
special  conditioui*,  and  produced  by  action  of  surfaces  and 
media.  Tltey  are  all  uxpliuable  upon  Uie  wave  or  undulatory 
liypothc'sis,  and  afford  most  satisfactory  evidence  of  its  correct- 
ness. To  the  physiologist  and  student  of  medicine  they  are  of 
interest,  either  from  their  direct  applicatimi  in  explaitiinjj  the 
phenomena  he  witnesses,  or  in  furnishine  the  principles  upon 
which  certain  instriinieuts  arc  coueti-ucted  which  are  used  ii 
determining  rhe  changes  rosulling  from  morbid  actions  in 
system. 

603.  Doable  Refraction. — If  a  cry.ital  of  Iceland  spar  be  ph 
upon  a  sheet  of  paper  which  bears  a  dark  spot  or  dot,  the  Jj 

Fio.  276. 


DiiljUr  nfnirtiuD. 


appears  double  when  viewed  through  the  crystal.    To  this  pL, 
nomenon  of  splitting  or  bifurcation  of  the  pencil  of  light  in  ii 
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Mee.  the  name  of  double  refraction  has  been  given.  All 
ltai«  which  do  not  l^clnng  tu  the  etihu-al  syKteiii,  show  this 
perty  to  a  greater  or  less  extent;  leeland  smr  being  ni  the 
d  of  the  Met.  Kou  crysluHine  eubstauce8,  like  gta&6,  iu  their 
inary  state  are  not  double  rclructin^,  though  they  may  be 
1«  to  assume  that  property  by  unequal  compression,  or  when 
uneaied, 

IBaov  double  refrflctiiig  c-ryittal  is  oarofvilly  examined,  it  will 
Innd  that  there  iu  une  direction  or  axis  in  which  the  t){)Ot  h 
doubled.  This  is  called  the  opUr  axis,  bi  some  two  such 
B  are  found.    The  first  is  called  imiaxial^  tlie  second  biazhL 

04-  Ordinary  and  Extraordinary  Ray. — If  in  the  experiment 

lied  in  the  preceding  urtirlc.  llie  line  of  vision  is  perpen- 
Qlar,  and  the  ervHtal  turned  around  wiib  its  face  in  eonlinu- 
I  contact  with  the  paper,  tliat  image  of  the  dot  iicarcBt  to  the 
i  of  vision  will  remain  uiichangedf  while  the  other  will  re- 
e  around  it.  The  first  of  these  is  called  the  ordinary^  tlie 
ud  the  txtmordhuiry  ray,  or  image.  The  former  followg  thft 
jof  single  refniction,  viz,,  the  sines  of  the  anfflea  of  inci- 
and  refraction  hear  a  constant  relation  to  each  other,  and 
i  planes  of  incidence  and  refraction  are  coincident  (492).  The 
ter,  on  the  contrary,  fnllowe  neither  of  these  lawa  except  in 
tain  positions. 

Acconiing  as  the  refractive  indices  of  the  ordinary  and  extra- 
linury  rays  of  uniaxial  cryt^taU  bear  certain  retationb  to  each 
ler,  tLey  are  called  negative  and  positive.  If  the  ordinary 
lex  is  greater  than  the  extraordinary,  it  is  called  negative, 
3  vire  vers&. 


ft 


Iftyativt  unUaUU  eryttaU. 

Iceland  (p«r.  Kubjr.  Fyroniorphite. 

Taunaftllne.  Emerald.  Ferrocf  inlde  of  potitwium. 

Sapphire.  Apatite.  Nitrate  of  fodittn. 


ZIreoD, 
Quarts. 


yitr«. 

StfontJftiiito, 
Am{[t>nlt«. 


P»s(fitv  uniaxial  eryBlal*. 


A.popb^'lUtv. 
lea. 


Tiunltft. 
Boni<!ilA. 


Si^Tiai  eiyitaU. 


9agnT. 

Sefenlta. 
Anhydrite. 
Heavy  »i>ar. 


Mulf>bHleof  Iron. 

Mica. 

Bpidot*. 


805.  Interference  of  Lig:ht. — Make  two  small  apertnrcs  of  the 
ne  diameter,  and  close  to  each  other,  in  the  shutter  of  a  dark 
fm;  cover  them  with  a  »heet  of  red  glass,  two  conical  pencils 
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of  red  light  will  l>e  foniiciJ,  wLicli  meet  and  overlap  eaeliotlier 
at  a  certain  dititanee  from  tlie  shutter.  If  a  stTeeu  is  itilnxlDCfJ 
into  their  path  Iwyond  this  po*ilioii,  it  will  be  seeu  tliat  tli« 
overlapijing  se^icnt  produces  an  image  compoeed  of  alternate 
red  and  black  bands.  On  abutting  out  the  light  from  «ithef 
aperture,  the  dark  hands  at  ouuo  disappear.  It  ]»,  iherefort, 
evident,  timt  the  dark  I'ringca  have  bton  eauafd  hv  the  interfer- 
ence of  the  two  peuoils  wlien  they  have  citwtied.  and  that,  aa  with 
Bound,  two  eysteiuB  ofwavee  luay  inierferu  and  detitroy  each  other, 

Producing  silence;  so  with  light,  two  systems  interfere  andpro- 
uce  darkness. 

The  same  results  are  obtained  with  any  other  homogeaeoin 
light,  the  only  difference  beiu^  in  the  distances  of  the  b«Bdi 
from  each  other.  This  experiment  is  regarded  a»  giving  ibe 
most  satiafaciory  evidence  of  the  correetnesw  of  the  undululoir 
Or  wave  livpotbesis  of  light.  In  white  light  the  component 
colore  proiluca  dark  bands  at  diflbretit  intervals,  these  bciu| 
euperimpoi>ed  but  not  coincident;  the  dark  line^  of  one  oolfv 
are  illuininaledby  the  othertt,  and  u  aurtcH  of  colored  bands  arUt- 

606.  Di&actioQ. — It'  a  beam  of  sunlight  is  admitted  through 
one  of  the  apertures,  and  the  pencil  of  rod  light  pni^sed  throngh 
a  short-focus  convex  lens,  L,  Fig.  276 ;  on  intercepting  it  beyonii 
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the  focus  of  the  Ions,  by  means  of  an  opaque  screen, 
sharp  edge,  a  (a  knife-blade,  for  example),  the  following  appc 
ances  arise. 

1st.  The  edge  a  does  not  cast  a  sharply  defined  or  geometri 
shadow  upon  the  second  screen,  b,  of  which  C  is  a  front  vji 
whore  it  is  cut  by  thts  jjlane,  the  edge  of  which  is  represented 
by  the  line  n  b,  bnt  a  faint  light  appears  below  this,  and  gradu- 
ally fades  away.  The  rays  in  passing  over  the  knife-edge,  have, 
thorefitre,  been  bent  downwartla. 

2d.  The  part  of  the  screen  above  the  Hue  where  it  is  cut  by 
the  plane  a  5,  we  should  expect  to  be  uniformly  lighted,  hut 
this  is  not  so;  it  T>resont8  a  series  of  alternate  red  and  dark 
bands  or  fringes,  which  are  fainter  ns  we  pass  above  the  plane  a  A, 
until  tliey  finally  disapiiear.  The  limits  between  thciie  are  not 
sharp  lines,  bnt  the  banus  are  regions  of  maximum  and  minimum 
intensity,  which  gradually  fade  into  each  other 
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Sd.  In  the  firsl  of  them  tbero  is  a  bending  downwards  of  tbo 
ravB,  whereby  a  part  of  the  geometrical  shadow  haa  been  illu- 
miimted.  The  tmiiie  has  also  occurred  in  the  twcoiid.  and  it  in 
To  this  action  wtiich  an  edge  impresses  upon  rays  of  light  that 
the  term  diflmction  ie  apphed. 

•Itb.  Light  of  every  color  shows  the  Bumc  phenomena,  but 
tlie  fringes  are  broader  in  Uie  red,  and  become  narrower  as  we 
paas  through  the  spectrum  towards  the  violet.  In  whito  lights 
therefore,  uie  dark  sipaces  of  one  spectrum  cohir  are  illuminated 
bv  the  light  of  the  next,  and  thus  an  image  composed  of  a  series 
of  colors  is  formed. 


007.  Diflraction  Spectra. — If  the  experiment  in  the  last  article 
is  moditicij,  I'liUHing  the  pencil  of  light  j'roni  (he  luminous  (toiut 
to  pass  through  a  narrow  slit  in  a  screen,  and  the  image  viewed 
through  a  telescope,  or  allowed  to  fall  on  white  paper,  the  fol- 
Imving  phcnnmenn  appear.  The  light  being  red,  the  image 
consists  of  a  red  band,  on  the  right  and  left  are  alternate  red 
and  dark  bands,  the  former  gradually  fading  away.  The  series 
on  both  sides  are  alike  iti  intensity  and  extent.  As  in  (605), 
tlieir  breadth  differs  with  tlie  tint  of  the  light.  If  white  light  is 
Buhstituted  for  monochromatic,  a  eeriea  of  similarly  placed 
spectra  ap(>ear  on  each  side  of  the  central  bright  line. 

If  in  place  of  a  simple  slit  a  numl>or  of  parallel  linear  open- 
ings are  made  by  stretching  fine  wire  backwards  and  forwards 
acrosaan  opening.or  by  niakitig  exact  parallel  rulings  on  smoked 
glass,  the  spectra  beeotne  greatly  increaKed  in  intensity.  The 
violet  end  of  each  spectrum  is  towards  the  central  bright  image 
and  the  red  end  outwards.  The  length  or  diapention  of  the 
spectra  increaKes  with  their  distance  from  the  central  image, 
consequently  they  overlap  each  other,  and  unlet*  special  con- 
trivances ore  cmjiloyed  only  the  first,  second,  and  part  of  the 
third  cau  be  used. 

Rulings  are  alao  made  by  a  diamond  upon  metal  or  glacis,  and 
are  called  qrahugs.  In  the  former  they  are  nsed  by  reflection,  in 
the  latter  by  tranHmis6ion,or,  if  the  glass  is  silvered,  the  grating 
thereon  may  be  used  in  tlie  same  manner  as  if  it  were  metallio. 
Accordiuff  as  the  number  of  Unoa  to  the  inch  iocroaao,  it  gives 
■peetra  of  greater  diRpcrt^inn  and  further  apart,  or  at  a  greater 
anele  to  the  central  bright  bar. 

Tliesc  are  called  diJ'racHm  or  interference  spectra,  and,  as  in 
sunlight,  the  colors  and  dark  lines  are  placed  according  to  their 
wave  leugths,  thev  are  also  called  rtormal  spfctnt. 

Since  in  the  iiiffnietion  spectrum  the  red  undergoes  more 
dispersion  than  in  the  prismatic,  it  is  better  adapted  tor  investi- 
gations r«garding  the  absorption   spectra  of  various  animal 
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flaids,  tlie  dark  bands  they  produce  lying  chiefly  below  thfi  Tel- 
low  and  in  the  red  region. 

The  brilliant  iriduiiceuco  or  pluy  of  Uiita  on  certain  eheik 
an<l  othor  surfaces,  is  caojied  by  intort'erenee  decompomtion  of 
light,  they  freoiientlv  being  ruled  like  a  metallic  grating.  In 
like  manner  tbe  colore  in  u  soap  bubble,  in  thin  films  of  mkt, 
gla84,  and  other  substances;  in  fissures  in  glass,  and  in  oil  on 
water,  arc  all  examples  of  color  prodacod  ny  iuterlerenoe  !»■ 
twecn  ruya  reflected  from  their  two  surtacca. 


Por-ABrzATJON  OP  Light. 

Of  the  phenomena  considered  in  this  Chapter,  polarization  iB 
of  peculiar  interest  on  account  of  the  variouB  conditions  under 
which  it  arises,  the  diverse  ertects  it  produces,  and  the  ditierent 
characters  it  presents.  Light  may  undergo  plane,  circular, 
elliptical,  and  natatory  polarisation;  these  we  shall  examine  in 
the  order  given,  dii^cussing  their  manner  of  production,  pecu-> 
liarities,  and  upplicatione.  i 
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606.  Plaae  Polarizatioa  by  Refiection. — If  a  ray  of  light  £alU 
CD  a  polished  iinailvcrcd  ^lass  surfuce,  at  un  angle  of  35°  26' 
it  is  not  only  reflected,  but  undergoes  another  extraordinary 

change;  for  if  tbe  reflected  ray 
received  at  the  same  angle  upon  an- 
other sheet  of  tiiroitar  glass,  it  is  raort-1 
complelely  ruttected  when  the  face  of 
the  second  mirror  is  parallel  to  that 
of  the  first,  as  in  Fig.  277,  in  which 
tt  is  an  incident  ray  of  ordinary  light 
reflected  from  the  mirror  M',  in  the 
direction  be;  on  meeting  the  second 
mirror  M"  at  e,  it  undergoes  reflec- 
tiou,  following  the  line  o  </;  on  rotat- 
ing the  mirror  M  "  on  its  vertical  axis, 
the  reflected  ray  loses  its  intensity, 
and  when  M"  has  moved  through  90% 
the  light  lulling  on  its  surface  from 
M'  is  no  longer  reflected.  ^M 

To  this  change  in  the  ray  6  c,  in  consec|ucnce  of  which  it  CB^H 
only  be  peflectcd  under  certiiin  conditions,  and  feils  entirely  in 
others,  the  term  potarUalioti   is  applied.    The  first   mirror  is 
called  the  potarizn-y  and  the  seconu,  on  account  of  its  action, 
the  analifztr.  ^m 

009.  Angle  of  Polarization  is  that  ivhich  the  incident  ray  mu^it 
make  with  the  normal  or  perpendicular  to  the  polished  surface. 
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anj  given  subetance,  to  produce  complete  polarization  in  the 
fhy  reflected  from  it.  In  piass,  it  is  54'^  35',  or  the  complement 
bf  tbe  allele  giveu.  If  in  Fig.  277,  any  uther  augle  than  this  is 
given  lo  the  lirst  mirror,  the  light  reflected  from  it  ia  not  com- 
|}lctcly  polarized,  aa  h  ]troven  by  the  fact  that  a  portion  will 
^waya  undergo  rutluction  from  the  second,  in  whatever  pooition 
It  may  be  placed.  Under  theae  conditions  the  reflected  ray  U 
paid  to  be  partiully  polarized. 

i   Nearly  all  suriuccs  poseesB  the  power  of  partially  polarizing 
ight.     That  reflected  from  water,  a  polished  wooden  surface, 
}r  a  elate  roof,  is  partially  polanzed:  difiuHc  daylight  ia  also 
>nnd  tn  have  aasumed  this  condition,  especially  when  the  sun 
near  the  horizon. 

With  diflurenoc  in  the  nature  of  thesuhBtance  there  is  change 
the  angle  of  polarization.     For  glass,  it  is  54'^  35';  water, 
)2°  4b':  obBidian.  bG"  30';    quartz,  57"  82';  and  for  diamond, 
i^.    Difl'erent  kinds  of  glass  also  show  variation  in  the  angle 
>f  polarization;  between  crown  and  flint  glass  it  ia  frequently  as 
inch  us  a  degree  and  a  inarter. 
According  to  Browstor:   "  The  poiarmttq  angU  of  ant/  subsfanee 
thai  angle  of  incidence  at  tckU-h  the  reflected  pvlari^tJ  ray  in  at  right 
_  'ea  to  the  refracted  ray. 

••The  ^ne  of  poiarizntian  is  the  plane  of  reflection  in  which 
10  light  becomes  polarized;  it  coincides  with  t}]e  plane  of  inci- 
lence,  and,  therefore,  contains  the  polarizing  angle." 

610.  Polarization  by  Single  Refraction. — If  the  ray  which  passes 
thrcMigh  x\u-  g)as.s,  in  ihc  L-xpt-rinienT  (608),  ia  submitted  to  ex- 
lunination  by  a  second  mirror  in  the  same  manner  as  the  ray 
b  r,  it  is  polarized,  though  the  action  is  only  partial.  At  the 
oame  time  it  has  undergone  a  certain  amount  of  refraction. 
We,  therefore,  learn  that  in  simple  refraction  polarization  also 
occurs. 

611.  Polarisation  by  Dooble  Rafraotioii. — We  discovered  (60S, 
604)  that  xvhen  a  ray  of  light  traverses  a  crystal  of  Iceland  spar 
in  certain  lines,  it  undergoes  double  refraction,  an  ordinary  aud 
extraordinary  my  being  formed.  If  these  are  submitted  to 
vxamiuation  bv  an  analyzer,  it  it<  found  (bat  they  are  composed 
of  polarized  light.  Tiie  polarizaUun  in  the  two  instuncee  is^ 
however,  ditferent,  in  that  their  planes  are  at  ri^ht  angles  to 
Mcli  other.  The  position  in  which  the  analyzer  givet)  complete 
passage  to  the  ordinary  ray,  ia  the  one  in  which  it  gives  most 
complete  denial  to  the  passage  of  the  extraordinary. 

612.  Polariring  Instmments. —  Ih«t.  AVrrajiAerj^'j  apparatus  \t 
constructed  upon  the  principle  uf   polarization    by  reflection; 
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the  polarizer  mid  annl^^'zer  being  eiogle  plates  of  polished  glto. 
It  is  a  most  siiitplc  and  a  vcr^  compretc  pnlari/ation  apparsiTis, 
and  can  be  used  for  demonstrating  ncarlj  all  the  experiments 

2d.  Apparatus  of  paralH  plaUs.  Though  lli«  proporlioo  of 
polariztMl  light  in  tlie  refracted  pencil  (610)  is  email  wfaeo  the 
ray  passes  through  a  siugle  plate  of  glase,  it  is  iucr«ased  by 
using  u  nuitiber  of  liltus  ur  platen  arranged  parallel  to  the  first. 
The  surfaces  inuat  be  &a  flat  as  possible,  and  parallel  to  feftcfc 
other.  In  thia  manner,  good  polarizers  and  atmlyzers  liuilt  ap 
of  fifteen  or  twenty  plates  of  glass  made  for  microscope  object- 
covers  can  be  constructed  at  small  expense ;  the  plates  b«iiij 
fitted  at  the  proper  angle  into  a  metallic  or  wooden  tube.  Eithtt 
the  reflected  nr  refracted  ray  from  such  bundles  in  used. 

3d.   TvurnwUne.     If  a  plate  be  cut  parallel  to  the  axis  of  this 
aeeativu  uniaxial  L-rystal,  it  produces  an  ordinary  and  an  extra- 
ordinary ray  polarized  in  planes  at  right  an^le^  to  each  other. 
The  plate  also  poBsesses  the  property  of  rapitlly  absorbing  die 
ordinary  ray,  if,  therefore,  it  hn«  suificicnt  thickness,  the  extra- 
ordinary alouo  will  escape.    A  second  similar  plate  may  be  used 
as  an  analyzer ;  through  such  an  arraagemeot  the  light  which 
has  been  polarized  by  the  Jirat  plate  passes  with  but  little  loss, 
while  the  eteuoud  is  6et  parallel  to  the  first;  but  is  completely 
stopped  when  they  are  at  right  angles.  , 

The  thiclcnes*  required  to  cause  complete  absorption  of  the 
ordinary  ray  is  a  serious  objection  to  the  use  of  tourmaline 
plates,  on  account  of  the  great  loss  of  light  it  necessitates. 

4th.  DoubU  rffractiiiij  prisms.     The  ordinary  and  extraordinary 
raya  which  emerge  from  a  natural  rhomb  of  Iceland  spar,  arc 
parallel  to  each  other:  the  amount  of  their  separation,  there- 
fore, iH  depuudctit  upon  the  thic:kiies«  of  the  prism.    The  extent 
of  this  can  l>e  increased  hy  entting  the  crystal  nntil  its  faces  arft 
inclined.     In  the  prism  thiis  formed,  though  the  desired  sepa- 
ration may  be  obtained,  a  new  difticultv  arises,  the  craergeo^j 
light  being  colored  by  decomposition.     ITo  remedy  this  evU,  ^H 
is  necessary  to  achromatize  the  prism  by  uniting  it  with  on^^ 
of  gloss,  with  its  refracting  angle  in  the  opposite  direction.     To 
obtain  the  greatest  divergence  between  the  rays,  the  refracting 
edges  are  cut  parallel  to  the  optic  axis. 

A  prism  such  as  that  described,  generally  permits  the  emer- 
gence of  at)  ordinary  aud  extraordinary  ray,  the  relative  iuten- 
sitiea  of  which  vary  as  it  is  revolved.  There  are,  however,  two 
pOAitious  in  which  only  the  or<linary  ray  emerges,  and  two  olhen 
at  right  angles  to  these  in  which  the  exlruordinarv  alone  oecapes. 
The  apparatus,  therefore,  not  only  intbrms  us  whether  the  light 
is  polarized,  hut  also  the  plane  wherein  the  poluri^sation 
taken  place. 


).  Nicot's  prism  i«,  for  many  purposes,  me  best  meanR  of 
polarizing  tiK^tt  ^^  >t  is  exceedingly  tninspurent,  poIariKCB  com- 
pletely, and  trsnemits  only  the  extraordinary  ray.  It  is  made 
of  Iceland  spar,  and  is  n  column  the  height  of  which  is  about 
three  times  its  breadth.  The  crystal  is  cut  in  twain  along 
a  plane  connecting  its  obtuse  angles.  Tlio  parts  are  then 
cemented  together  with  Canada  balsam. 
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The  principle  of  action  of  the  Nicol  is,  that  the  refractive 
index  ot  the  ))aleimiic  cement  being  less  than  the  ordinary  index 
of  the  stpar,  and  greater  than  the  exti-a ordinary,  the  ordinary  ray 
undergoes  totiil  reHeetion  at  the  surface  of  the  balsam,  B  D,  and 
is  refnicttd  out  of  the  crystal  at  its  side,  A  B,  ivliile  the  extra- 
ordinary passing  onwards  emerges  at  (he  end,  B  C.  The  Nicol 
can  be  used  as  polarizer  or  analyzer. 

In  Foucaolt's  nrisim  the  Canada  balsam  is  omitted.  While 
thU  is  abortcr.  it  has  the  disadvantage  of  giving  a  smaller  Beld 
of  view,  and  the  los.s  of  liglit  by  reflection  is  greater. 

613.  Theory  of  Polarized  Light, — It  bus  been  stated  in  (441), 
that  luminous  vibrations  are  trun(<vL-rsu,  while  those  of  sound 
are  longitudinal.  This  hypothesis  regarding  the  manner  of 
vibration  of  the  ethereal  particlea  in  the  pruduction  of  light  ia 
supported  by  the  phenomena  of  polarisation. 

Considering  the  double  rufrattion  action  of  Iceland  spar, 
Qannt  says,  **Now  it  can  be  shown  In  l>o  in  strict  accordance 
with  mechanical  principles  that,  if  a  medium  possesses  unequal 
elasticity  in  diflerent  directions,  a  plane  wave  produced  by  trans- 
versal vibrations  entering  that  mc'dium  will  give  rise  to  two 
plane  waves  moving  with  difl'ercnt  velocities  within  the  medium, 
and  the  vibrations  of  the  particles  in  front  of  these  waves  will  bo 
in  direction?  parallel  respectively  to  two  lines  at  right  angles"  to 
each  other.  If,  as  is  assumed  in  the  undulatory  theory  ot  light, 
the  ether  exists  in  a  double  refracting  crystal  in  such  a  state  of 
uuequa)  elasticitv,  then  the  two  plane  waves  will  be  formed  as 
described,  and  these,  having  diflerent  velocities,  will  give  rise 
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to  two  rays  of  uneqaal  rcfrangibilitv.  Tins  U  the  pWucal 
ftccount  of  the  phenomenon  of  double  refraction.  It  m\\  he 
remarked  that  tho  vibrattouB  correspoodiug  to  the  two  reys&rt 
traniivental,  n^rtilinear,  and  in  dir«crttons  poi^tciidiciilar  to  each 
Other  in  the  rays  respectively.  Accordingly,  the  same  tbaorF 
accountii  for  the  fact  that  the  two  rays  are  both  polarized,  anil 
in  phines  at  right  angles  to  each  other." 

614.  Interference  of  Polarized  Light. — The  laws  which  govern 
tht^  phenomena  of  interference  of  raye  similarly  and  differentlj" 
polari/cd,  arc  stated  as  follows  by  Ganot : 

'*  1.  When  two  rays  polarized  in  the  same  plane  inteifeiv' 
with  each  other,  they  produce  by  their  interfereuce  fringee  of 
the  very  Baitie  kind  aii  if  they  wore  common  Itghi. 

"2.  When  two  rays  of  light  are  polarized  at  right  angles  lo 
each  other,  they  produce  no  colored  fringes  in  the  same  circuin- 
stances  under  which  two  rays  of  common  light  would  product 
them.  When  they  are  polarized  In  planee  incliaed  to  each 
other  at  any  other  angles,  they  produce  fringes  of  intermediate 
brightness,  and  if  the  angle  is  made  to  change,  thcRo  gr»lually 
decrease  in  brighuiess  Irora  0°  to  90",  aud  are  totally  oElitoraie^^ji 
at  the  latter  angle.  ^Hj 

"8.  Two  rays  origltially  polarizod  in  planes  at  right  angraP^ 
to  each  other,  may  be  subsequently  brought  into  the  same  plane 
of  polarizatioti  without  acqniring  the  power  of  forming  fringes 
by  their  interfereuce. 

';4.  Two  rays  polarized  at  right  angles  to  each  other,  and 
afterwards  brought  into  the  sauie  plane  of  polari?:atioD,  produce 
frittgQB  by  their  mterfereuce  like  rays  of  comtuon  light,  provided 
they  originated  in  a  pencil  the  wihole  of  which  was  orij^D 
polarized  in  any  one  ptaue. 

"5.  In  the  idienoniena  of  interference  jiroduced  by  raj's 
have  suffered  double  refraction,  a  difference  of  half  an  undnla- 
tton  mu&t  be  allowed,  as  one  of  tho  pencils  is  retarded  by  that 
quantity  from  some  unknown  cause."  ^^ 

615.  Depolarization — Suppose  a  polarizing  apparatus,  with  i^^ 
polarizer  and  analyzer  so  adjusted  that  tlie  passage  of  light 
llirougli  the  latter  is  completely  slop^jed.  Then  iuterveue  a 
]i!ate  of  double  refracting  crystal,  cut  parallel  to  its  axis,  unil 
of  moderate  tbicknefi-s,  between  the  polarizer  and  the  analyzer. 
Tho  intensity  of  the  transmitted  light  varies  as  the  plate  is  turned, 
reaching  its  maximum  when  the  principal  plane  of  tho  plate  i* 

46°  to  the  plane  of  reflection,  and  disappearing  if  thoy  coin- 
ride,  or  are  at  right  angles  to  each  other.  From  tho  effect  pro- 
duced upon  the  light  transmitted  by  tho  polarizer,  a  plate  like 
that  described  is  called  a  depvlaruing  plait. 
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^6.  Action  ofThiaPilnu  U  lUuatluouribud  b^-  Gatiot:  "Take  a 
thin  film  of  MlenUe  or  wuai  between  the  twentietli  and  sixtieth  of 
an  inch  thick,  and  iiitcr|iofle  it  »«  in  the  last  article.  If  the 
thickness  of  tliu  fihii  w  uiilfuriii,  the  liirlit  now  triiriiimittod 
through  the  analyzer  will  !>«  no  lorjo^er  white,  but  of  a  iinifortn 
tint;  the  color  of  the  tint  being  ciitlerent  for  ditferent  tbick- 
ncBBcs — for  instance,  red,  or  ffreeD,or  bine,  or  yellow,  according 
to  the  thickness:  the  intensity  of  the  color  cfepending  on  the 
iticlitiation  of  the  principal  piano  of  the  Hint  to  the  plane  of 
retlcction,  being  grcntent  when  the  angle  of  inclination  is  46°. 
Let  us  now  Huppose  the  cryt^tftlliiit;  film  to  be  fixed  iu  that  posi- 
tiun  in  which  the  li^bt  is  bri<^hte-t?t,  and  suppose  ila  color  to  be 
rerf.  Let  the  analyzer  (the  Nicol's  prism)  he  turned  i-ound,  the 
color  will  grow  fainter,  and  when  it  has  been  turned  round  45°, 
^e  color  JiaB]tpear5,  and  no  light  ia  transmitted;  on  turning  it 
further,  the  complementary  color,  j/r^^w,  maken  it>t  appearance, 
and  increases  in  intensity  until  the  analyzer  Uilb  been  turned 
through  00*^;  after  which  the  intensity  iliiniuishes  until  an 
BUgIc  of  1S5°  is  attained,  when  the  light  again  vanishes,  and, 
^11  increasing  the  angle,  it  changes  again  into  red.  Whaterer 
pie  color  projier  to  the  T»'"te.  the  aame  series  of  phenomena 
will  be  oDBorved,  the  color  passing  into  its  complementary 
when  the  analyzer  is  turned.  That  the  colors  are  really  com- 
plementary is  proved  by  using  a  double  refracting  prism  as 
analyxer.  In  this  cane  two  rays  are  transmitted,  eafh  of  whicli 
goes  through  the  same  changes  of  color  and  intensity  as  the 
single  rav  described  alxive:  but  whatever  the  color  and  in- 
tensity of  the  one  ray  in  a  given  pa^ition.  the  other  will  have 
the  satne  when  the  analyzer  has  been  turned  tlirough  an  angle 
of  90'^.  Consequently,  these  two  rays  give  siraultanoously  the 
appearances  which  are  successively  presented  in  the  above  case 
by  the  same  ray  at  an  interval  of  90  .  If  now  the  two  rays  are 
alloweil  to  overlap,  they  produce  white  light;  thereby  proving 

reir  oolors  to  be  complementary." 
617.  Production  of  Colored  Ring«  b;  PoUrized  Lig;ht.— In  the 
K.eceding  experiment,  while  the  rays  traverse  the  tilra  perpen- 
dicularly to  Its  faces,  the  tint  is  uniform;  but  if  at  dilicrent 
obliquities,  colored  rings  are  produced.  Regarding  these,  Qanot 
lays : 
L  "The  best  method  of  olM»r\'ing  these  new  phenomena  is  by 
TOteaits  of  the  lottrmalirie  pincette.  This  is  a  small  instrument  con* 
ustingof  two  tourmalines,  cut  parallel  to  the  axis,  each  of  them 
being  fitted  in  a  copper  disk.  These  two  disks,  which  are  per- 
forated in  the  centre,  and  blackened,  are  mounted  in  two  rings 
of  silvered  copper,  which  is  coiled  to  form  a  spring,  nnd  prea.-* 
together  the  tourmaUnoe.     The  tourmalines  turn  with  the  disk, 
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an<I  mav  he  urratiged  with  their  axue  either  perpendicular  or 
pamllcl."" 

"The  crjr'etal  to  be  experimeDted  upon,  beiug  fixed  in  tW 
centre  of  a  cork  iIibIc,  is  ptuceil  between  the  two  toarmaliDei;, 
and  the  pincette  held  before  the  eye  to  view  difi'u^  tight 
The  tourniitliue  t'urthc-tit  from  the  e,vc  acts  as  polarizer,  and  the 
other  AS  analyzer.  If  the  crystal  thua  viewed  is  untaxu),  and 
cut  perpendicularly  to  the  axis,  and  a  homogeneous  light— nd, 
for  inatariee — is  looked  at,  a  series  of  alternately  dark  aud  re*! 
rings  are  Been.  With  another  simple  color  similar  rings  ure 
obtained,  but  their  diameter  decreases  with  the  rcfrongibilitv 
of  the  color.  On  the  other  hand,  the  diameters  of  the  liap 
diminish  when  the  thickness  of  the  plates  increases,  and  b«rond 
a  certain  thickuesa  no  more  rings  are  produced.  If,  inslutdof 
illuminating  the  rings  by  homogeneous  light,  white  light  isiiaed, 
as  the  rings  of  the  different  colors  produced  have  not  the  satne  j 
diameter,  they  are  partially  superposed,  and  exhibit  very  biil^B 
liant  rariegated  colors."  ^^ 

Biaxial  crystals  also  give  colored  rings,  but  their  form  is  mort 
complicated.  ^^ 

616.  Detection  of  KColecalar  Change  by  Polarized  Light. — Cnde^^ 
ordinary  eireunwtanee-i   ^hisa   doea    not    [io.-isc-fi.-i   the  power  of 
double  refraction.     This  properly  luav,  bow- 
Fia.  S79.  ever,  be  imparted  to  it  by  changing  the  rela- 

^^p^^^  tions  of  its  molecules  either  by  compression, 
m^K  ^B^.  curvature,  or  heut.  If,  under  these  eondi- 
/•^^  ^•Vi  lions,  a  beam  of  polarized  light  traverses  the 
glass,  the  changed  conditions  of  its  molecular 
atrueturc  arc  at  once  made  evident,  by  the 
production  of  colore<l  riuge,  or  curved  figures, 
like  those  described,  the  turins  of  which  are 
acnording  OB  the  piece  of  glass  is  circular,  trian- 
gular, or  rectangular,  and  as  the  eompressioa 
or  other  force  is  altered  in  intensity.  Some 
idea  may  bo  gained  of  the  changes  in  question 
from  Fig.  279,  which  represents  the  cH'ects  pro- 
duced, aa  a  circular  piece  of  comprc^ed  glass 
is  revolved  in  its  own  plane  between  the  polar- 
izer and  analyzer. 
The  results  we  have  been  disonssing  show  the  great  impor- 
tance of  polarized  light  in  investigatiuii  of  questions  having  rela- 
tion to  molecular  structure.  Its  use  iu  the  study  of  nuraorons 
inorganic  crj'stalline  forms,  and  also  of  organic  structures  as 
Btareh,  yields  most  cfiieicnt  aid  in  determining  their  character 
when  applied  in  connection  with  the  microscope. 
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619.  Elliptical  and  Circular  Polarization. — '*  In  the  cases  hitherto 

Co  II  si  tiered    the    luirticIuM  of  ytliL-r  cuui|)i)siii^  u  polarizei]   ray 

vitirnte  in  |mrullel  straight  lineB;  to  ditiliiigutsh  tiiia  case  from 

tiiose  we  are  now  to  consider,  sucli  light  is  frequently  called 

plane  polarized  tiaht.     It  gnmctimeH  hupponB  that  tho  particles  ot 

ether  describe  euipses  round  their  position  of  rcat,  tho  planes  of 

the  ellipses  beiog  perpendicuhir  to  the  dtreution  of  the  rav.     It 

^it?  axes  ot  these  ellipses  are  ef|Uiil  and  parallel,  llie  ray  \s  said 

__0  lie  fUi^tically  polarized.     In  this  case  tlie  particles  which,  when 

at  rost,  (Hieupied  »  gtniig;ht  line,  are,  when  in  motion,  arrun^d 

^^t  a  helix  round  the  line  of  their  original  position  as  an  axia, 

B^e  helix  exchiiuging  from  instant  to  instant.     If  the  axes  of  tho 

^■lUpseDaie  equal  they  become  circles,  and  the  light  is  said  to 

Bbe  circularly  polarized.     If  the  minor  axes  become  zero,  the 

ellipses  coincide  with  their  major  axcfi,  an<l  llie  H^ht  liecorncB 

ptunc  poiiirUcd.     Consequently,  ptane  polarized  light  and  «rcu- 

larii/  polarized  light  are  particular  cases  of  elliptiuullv  polarized 

Ugbt" 

"Circular  or  elliptical  polarirjttian  may  be  either  right-handed 
or  Ifft'hmdtd,  or  what  is  sometimes  called  dextrogyrate  and  tew- 
g^ate.  If  the  observer  looks  along  the  ray  in  the  dirpclion  of 
pro|iagation,  from  polarizer  to  analyzer,  then,  if  tho  particles 
move  in  tlie  same  direction  as  the  hands  of  a  watch  with  its  face 
to  the  observer,  the  polarization  is  right-handed." 

620.  Theory  of  Elltptioal  and  Circular  Polarization.— liegarding 
the  relation*of  elliptical,  circular,  and  plune  polarization  to  each 
other,  Ganut  says  :  ''  Let  us  in  the  tirst  place  consider  a  simple 
pendulum  vibrating  in  any  plane,  the  arc  of  vibration  bemg 
small.  Suppose  that,  when  in  its  lowest  position,  it  received  a 
blow  in  a  direction  at  right  angles  to  the  direction  of  its  motion, 
■nch  as  would  make  it  vibrate  in  an  arc  at  right  angles  to  its 
arc  of  primitivu  vibration,  it  follows  irom  the  law  of  the  com- 
position of  velocities,  that  tlie  joint,  effect  will  be  to  make  it 
vibrate  lu  an  arc  inclined  at  a  certain  angle  to  the  arc  of  primi- 
tive vibration,  the  magnitude  of  the  angle  depending  on  the 
niAgnitn<lc  of  the  \Ao\v.  If  the  blow  comrnanicated  a  velocity 
Miual  to  th»t  with  which  the  body  is  already  moving,  the  angle 
would  be  45*.  Next  BU]tpo3e  the  blow  to  communicate  an 
equal  velocity,  but  to  be  struck  when  the  body  is  at  its  higbeut 
point,  this  will  cause  the  particle  to  describe  a  circle,  and  to 
move  aa  a  conit^al  pcndnlunt.  Tf  the  blow  is  struck  under  any 
other  circnnistiinces,  tht;  particle  xvill  describe  an  ellipse.  Now 
as  the  two  blow.s  wiiutd  priHluce  separately  two  simple  vibnitions 
in  directions  at  right  angles  to  each  other,  we  may  state  the 
result  arrived  at  as  follows:  [f  two  rectilinear  vibrations  are 
laperinduced  on  the  same  particle  in  directions  at  right  angles 
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to  each  other,  then :  A.  If  they  are  in  the  aarac  and  opi 
[ihases,  ttie^' make  the  point  describe  a  rectilinear  vibration  i 
a  direetinii  inclined  at  a  certain  angle  tn  either  of  the  origioal 
vibrations.  It.  But  it'  their  phascis  differ  by  90**  or  a  qMrter 
of  a  vibration^  tke  particle  will  describe  a  circle,  provided  the 
vibralion.s  are  equal.  C.  Under  other  circumstances  the  parlicl« 
will  describe  an  ellipse." 

"To  apply  this  to  the  case  of  iKilarized  li^ht.  Suppose  two 
raye  of  light  polarized  iii  perpendicular  planes  to  coincide,  eicli 
would  separately  cauec  the  same  particles  to  vibrate  in  jferpeii- 
diciilar  directiona.  Consequently — A.  If  the  vibrations  are  in 
the  Mime  or  opposite  phaae*,  the  light  reeuUing  from  the  1*0 
rays  is  plane  poiarizeo.  B.  If  the  rays  are  of  equal  inten^itr, 
and  their  phaAeti  diticr  by  HO*,  the  resulting  light  is  circulwlv 
polarized.  C.  Under  other  circumstances  the  light  is  eliipticatly 
polarized." 
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621.  Prodaotion  of  Circularly  Polarized  Light  i^  accnmplishi 
by  means  of  Fresnel'tii  rhomb,  which  decomposes  a  rav  of 
plane  polarized  light  tbrming  two  equal  r«y> 
pnlurizcd  in  planer  at  right  angles  to  each 
other,  but  differing  by  a  quarter  of  an  undu- 
lation. The  instrument  is  made  of  eli 
the  acute  angle  being  34°,  and  the  u»t 
126°.  "  If  a  rav,  n.  Fig.  280.  of  p! 
polarized  light  rails  perpendicularly  on 
face  A  B,  it  will  unrlergo  two  total  interna 
redectione  at  an  angle  of  about  54"^,  one  ftl 
K,  and  the  other  at  F,  and  wilt  emerge  per- 
pendicularly to  C. 

*'  If  the  plane  A  fi  C  D  be  inclined  at  ao 
angle  of  45^  to  the  plane  of  polarization, 
the  polarized  ray  will  be  divided  into  two 
coincident  rays,  with  tlieir  planes  of  polarization  at  riKht  angli* 
to  each  other,  antl  it  appears  that  one  of  them  loses  exactly « 
quarter  of  an  undulation,  bo  that  on  emerging  from  the  rhotnh 
the  ray  is  circularly  polarized.     If  the  ray  emerging  as  above 
from  Fresnol's  rhomb  is  examined,  it  will  be  found  to  dititr 
from  plane  polarized  light  in  this,  that,  when  it  paeses  tlirougb 
a  double  refracting  jirism,  the  ordinary  and  extraordinary  rays  , 
are  of  equal  intensity  iu  all  positions  of  the  prism.     Moreover,  | 
it  differs  from  ordinary  light  in  this,  that  if  it  passed  through  a 
second  rhomb  placed  parallel  to  the  lirst,  a  second  quarter  of  an 
undulation  will  be  lost,  so  that  the  parts  of  the  original   plane 
polarized  i-ay  will  difl'er  by  half  an  undulation,  and  the  emergent 
ra^  will  be  plane  polarized  ;  moreover,  the  |)lane  of  polarizatimi 
will  he  inchned  at  an  an^le  of  46°  to  A  B  C  B,  but  on  the  olJur 
svk  from  the  plane  of  primitive  polarization." 
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Production  of  Elliptically  Polarized  Light. — "  In  addition 
to  tlie  method  nlroudv  nienticnu^d,  olliptieally  yiolari/cd  light  is 
genorally  obtaiiicil  wfienever  plune  polarized  light  suirere  reflec- 
tion. Polariiwil  ligrht  retlecteH  from  metala  becoines  elliptically 
|>oIarized.  the  degree  of  cllipticity  depending  on  the  direction 
of  the  incident  ruv.  and  of  its  plane  of  polarization,  as  well  as 
oil  the  nature  of  the  reflecting  auhstanco.  When  rrjiectefi  from 
titcer  the  pfilarization  is  almost  circular,  and  from  galaia  almost  pUoie. 
If  eUiplimlti/  poUirized  light  b€  analyzed  by  a  NtcoVa  prism,  it  neter 
panishfs^  though  at  alternate  positions  it  becomes  fainter ;  it  is  thus 
diatinffuishedfrom  plane  and  from  drcular  pohiriznl  Ugld.  If  analyzed 
by  letlajtd  spar  neither  iinage  disappears,  but  they  undergo  eh/mfles  in 
intensity." 

"  Light  can  aleo  be  polarized  elHpticully  in  FrestiePs  rhomb. 
If  the  angle  between  the  plane*  of  primitive  polarization  and  of 
incidence  be  any  other  than  4.^}°,  the  omcrgont  ray  is  elliptically 
polarized." 

f  823.  Prodnction  and  Theory  of  Rotatory  Polarization. — "  Rook- 
crystal  or  quartz  poscesses  a  remarkable  property  which  was 
long  regarded  a^  peculiar  to  itself  among  all  crystals,  though  it 
hiu)  l>eeu  since  found  to  he  shared  by  tartaric  acid  and  its  salts, 
together  with  some  other  crystalline  bodies.  This  properly  is 
called  rotatory  polarization,  and  maybe  described  as  follows : 
Let  u  ray  of  homogeneous  light  be  polarised,  and  let  the  ana- 
lyzer, saj*^  a  Nicol's  prisin,  be  turuoti  till  the  light  does  not  pass 
through  it.  Take  a  thin  section  of  a  quartz  crystal  cut  at  right 
angles  to  its  axis,  and  place  it  between  the  polarizer  and  the 
analyzer,  with  hi*  plane  at  right  angles  to  the  rays.  The  light 
will  now  pass  through  the  analyzer.  The  phenomenon  is  not 
the  same  as  that  previously  deaci-ihed,  for,  if  the  rock-crystiil  is 
turned  round  its  axis,  no  effect  is  produced,  and  if  the  analyzer 
is  turned,  the  ray  is  found  to  be  plane  polarised  in  a  plane  in- 
clined at  a  certain  angle  to  the  plane  of  primitive  jiolarizatioii. 
If  the  light  is  retl,  and  the  plate  one  millimetre  thick,  this  angle 
is  about  17'^.  In  some  specimens  of  quartz  the  plane  of  polari- 
zation is  turned  to  the  right  liatui,  in  others  to  the  let\  hand. 
Specimens  of  the  former  kind  are  said  to  lie  right-handed,  those 
of  the  latter  kind  left-handed.  This  <lifl'erence  corresponds  to  a 
diflercnce  in  crystallographic  structure.  The  property  uosscssed 
by  rock-crystal  of  turuiuK  the  plane  of  polarization  tnroagh  a 
(•ertain  angle  was  thoronghly  investigated  by  Biot,  who,  amongst 
other  results,  arrived  at  this:  For  a  given  color  the  angle  through 
wliich  the  plane  of  polarization  is  turned  is  ]>roportioiml  to  the 
thickness  of  the  quartz.  The  explanation  of  the  phenomenon 
described  ifl  as  follows:  When  a  ray  of  polarized  light  pa9«e« 
long  the  axis  of  the  quartz  crystal,  it  is  divided  into  two  rays 
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of  ctr«//rtr/y  polarized  light  of  equal  intensity,  which  psaflrliroiiirfi 
the  cryatal  witli  ditFereiit  ve!tK:iiie».  In  one  the  circular  pobK- 
zation  18  right-handed,  in  the  other  left-handed,  Tlie  existent 
of  these  rtiya  waa  proved  by  Fresnel,  who  Buccccded  in  wpfi- 
rating  theiu.  On  emerging  from  the  cr^etal,  tliey  are  com- 
poutmed  into  a  plane  polarized  ra}',  but  Hince  they  move  n'itb 
unequal  velocities  witbm  the  cryKlal,  they  einer^  in  ditterecl 
phaaee^  and  coDHefjuently  the  plane  of  poturii^Htion  will  Doicjin- 
cide  with  the  plane  of  primitive  polarization.  The  plane  nf 
polarization  will  be  turned  1o  the  right  or  left*  accordioj;  nt  ibt 
riffht-handed  or  left-handed  ray  njoves  with  tlie  greater  velociij'. 
Moi-eover,  tlie  amount  of  rotation  will  depend  ou  the  amonntof 
retardation  of  the  rny  whose  velocity  is  least — that  is  tOMV,  it 
will  depend  on  the  tliiekness  of  the  plate  of  quartz." 

624.  Coloration  by  Botatory  Polarization. — For  diSbrent  colore 
the  amount  of  rotation  varies  according  to  the  refrangibililj 
of  the  ruvB,  l>eing  grcatcBt  for  the  violeC- 
FiQ.  S6t.  jV  quartz  plate  one    millimetre   tliick  wi'V^ 

rotate  the  plane  17°  for  red,  and  44"  ff^ 
violol  light.    If  white  light  ia  need,  it  unile- 
goo«  deconipoftition,  the  colors  appoarinji  i 
order  front  the  less  to  the  more  refrangibi 
Kauiarj  f^AAiiatiM,.        wjtli  a  riglit-hauded  cr3-etal,  as  the  Nic<ili--^ 
turned  to  the  right,  and  with  a  left-hand 
crystal  in  the  opposite  order. 

If,  in  pliicc  of  a  Xieol,  a  double  refracting  jirism  is  used,  tw 
brilliant  colors  are  produced  which  are  coniplemeiitary  to  eact^ 
other  and  yield  white  light  where  they  overlap.     Fig.  281. 

626.  Rotatory  Power  of  Liquids. — Many  liouids  poBsess  iht* 
power  in  different  degrees,  and  in  several  mreetions,  no  that 
variationa  in  compOHition  may  thereby  be  found  when  little  or 
none  is  shown  by  chemical  analyeit^.  If.  for  example,  cane  sugar 
U  acted  upon  by  dilute  neids,  we  obtain  two  sugars  of  the  same 
chemicnl  composition,  but  one  rotates  the  plane  of  polarization 
to  the  right,  while  the  other  turns  it  to  the  left. 

In  fluids  the  power  of  rotation  is  much  less  than  in  quartz. 
In  concentrated  solution,  e^no  ftugar,  the  most  powerful  of  all 
liquids  in  this  respect,  hoa  only  about  ^ijth  the  power  of  quartz; 
in  order,  therefore,  to  give  it  sufficient  influence  over  the  ray, 
columns  eight  inches  in  length  are  employed. 

626.  Sacchariraeters  are  inptruments  depending  upon  polar- 
ized ligiit  far  iln'ir  action.  That  of  Biot  dctorTuines  the  ampli- 
tude of  rotAtlon  produced  by  sugar  or  other  solutions  poeseasing 
this  power.     The  polarizer  in  the  origUiol  form  ia  a  mirror  of 
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mck  (flass,  and  the'nnalyzfr  a  duuhle  refrnctin^  aclironintic 
prism  mounted  in  the  iuterioi-  of  a  graduated  circle,  po  that 
chaiij^es  in  position  of  tlic  priam  are  read  by  means  of  nn  index 
traverainp  the  scale  lictween  these  the  tube  containing  the 
solution  is  placed,  with  lU  axis  coincident  with  the  ooi\joined 
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Fftxcs  of  the  analyzer  ami  potartzer.     The  tuhe  is  nhout  20  centi- 

•  mctres  in  length.     The  apparatui*  is  adJuHtcd  to  have  the  extra* 

ordinary  ray  ditsappear  when  the  index  is  at  zero.    The  in- 

^troduction  of  water,  alcohol,  or  ether  causes  no  change  in  the 

)hcnomona  observed. 

If  it  is  tlien  tilled  with  a  solution  of  cane  RU^r  the  extras 
ordinary  ray  reappenra,  and  to  cau«e  it  to  fade  liie  analyzer 
»u«t  be  turned  to  the  right  of  zero  through  a  certain  num- 
>er  of  degrees,  which  measures  the  amount  that  the  pugar  has 
turned  the  plane  of  polarization  to  the  \ei\.  If  a  longer  tube  be 
used  with  a  Holution  uf  the  eunie  Btrenglh  the  ainilyzer  must  be 
turned  throu^li  a  greater  number  of  dogrous.  According  as  the 
strength  of  the  solution  differs,  so  doea  the  angle  at  which  the 
analy7.cr  must  he  set  vary.  It  is,  therefore,  a  simple  matter  to 
Intimate  the  amount  of  sugar  in  any  given  solution  by  deter- 
Ifuiniug  it«  power  to  rotate  a  beam  of  polarized  light. 
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Since  while  Vight  i«  deeompofled  in  the  preceding  exporinitin. 
tiie  cxtraort^liiiiirjf  image  is  not  entirely  extinpiialied  in  anjf'Oji- 
tion  of  the  unalyz-er.  This  <Iitlifult_y  la  met  by  ueitig  colored  gla». 
or  other  medium  vvhicli  »liall  iinike  the  light  mrmochroiiialir. 
The  colore  uaually  employed  are  either  red  or  yellow ;  the  Inltor 
18  best  ohtatned  by  meani>  ofa  soda  tlanie  produced  by  imnientiig 
a  platiuum  wire  bearing  a  globule  of  bibornte  of  soda  iit  b 
liuDRcn  Hanic.  Since  the  angle  dificre  for  each  color  uecd.  itii 
mentioned  along  with  the  angle  of  deviatioa  of  the  ray.  «nl 
the  sign  +,  or  — ,  added  to  show  whether  rotation  is  to  the  right 
or  tl)u  leA. 

In  the  manufacture  and  refining  of  sugar,  the  saccharimetCT 
10  of  the  utmost  importance,  as  the  sales  of  this  comniodtiy  nre 
based  upon  it@  iiidientioiis.  In  the  practice  of  medicine  it  ii 
osed  for  determining  the  percentage  of  sugar  in  diabetic  arinc, 
and  in  other  duide. 

SolriVs  sacL'harmfier  diflers  from  the  preceding  in  that  it  il«s 
sot  measure  the  angle  of  rotation,  but  the  amount  of  cmpo^- 
aation  required  to  overcome  it.  The  medium  employed  i*  > 
plate  of  quartz,  the  thickni»fls  of  which  may  be  varied  until  the 
rotation  is  overcome :  the  aniouut  necessary  to  produce  tlii^ 
result  is  then  measured.  For  a  description  of  the  parts  of  this 
instrument  the  stmlent  is  referred  to  Ganot's  "  Physics.'* 
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SPECTROSCOPE  AND  SPECTRUM  ANALYSIS. 


Tbfl  •  pert roicnp»— Fur U  (if  stnglv  pri'iu  BpQ<'t>-o*cope — Slit  and  oolliinfttor>— PiioD 
mud  U'lwfttpo— ScmIu  of  colHuialor — Svurcw  of  \\y,\A — Muhiplo  ijrUoa  tpcetio- 
scope — Direcl  \mtn\  g[)«ctn}iCope— Graling  Bpectrutoopa — Continuotu  apMln 
— Brigbtlinrd  ipectrn — Ilitndfd  *p«cim — Nebiilix  ipecti* — Gucoui  AbaorbsBt 
*ptctni — SoUr  »|)Klmm— ITlim-violei  suldr  spectra— Infra-red  solar  »pectn 
— Wnve-Iexgili*  of  linwn  of  xpoclm — U»«  of  tcAnt  liiiei  at  m  »ail»— AUutia- 
phi-ric  «pectnim  lUice — Plaiioinry  und  st«llKr  spectra' — Al>K>rbent  spectra  bj 
colored  liquids  —  Absyrbcnl  sptJCLm  liy  culorlow  lii)u)di — Blood  s|M.>«im — 
t^pcclnt  of  MIe  and  PetUnkufer'B  lliiid^Speotra  nf  wine  and  ale.  Abnonnal 
sp«ctra. 

627.  The  Spectroscope,  as  its  name  indicates,  is  an  instrument 
for  studying  the  compOBition  of  light  by  the  formation  of  » 
spectrum.     In  (500  to  oOfi)  we  learned  how  light  can  be 
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ipoHCHl  by  tho  action  of  an  optical  pri^ni,  and  jtii  cliaracter 
determined  tlirough  tlie  formation  of  a  prismatic  speetnini.  Iti 
(li07i  tbe  decompoaittoiL  of  Iiu;tjt  by  a  ruled  Hurface  or  igniting 
was  explained,  and  alao  llie  uiflereiice  between  tbc  diU'rat^'Liou 
or  interference  spectrum  thereby  produced  and  tbe  priemalic 
apectrum.  Either  of  these  methods  can  be  employed  in  tbe 
coustmction  of  tbe  spectroacope,  but  thus  far  the  one  in  general 
use  baa  been  that  by  the  prism;  we  shall,  tJjerefore,  direct  our 
attention  cspeeially  to  thin  form. 

The  action  of  the  spectroBcope  beinj?  to  separate  or  disperse 
a  mixture  of  colors  into  its  components,  it  follows  that  an  amount 
of  dispersion  which  will  answer  in  one  case  may  be  iDsufficient 
in  another.  We  consefiuently  find  that,  according  to  tlio  dis- 
persion required,  the  spectroscope  contuini*  one  or  more  prisniH 
arranged  as  described  m  the  final  paragraph  of  article  (502). 

628.  Fart«  of  Single  Prism  Spectroscope. — This  form  of  instru- 
ment will  geiitTully  answer  fur  the  physiologist  and  physician. 
It  coneisttt  of  a  pri^m  upon  which  Ibe  axes  of  three  tuleecopes 
are  directed;  a  narrow  slit,  and  a  scale  for  measurement  of  tbe 
relative  positions  of  lines  or  colore.  Of  the  teleacopcs  one  is 
attached  to  the  slit,  its  lens  forms  the  collimator;  another  rcceivea 
and  trausmits  tbe  spectrum  image  formed  by  the  prism,  it  is 
called  the  obaerving  tdesrope;  the  third  forms  an  image  of  the 
scale.  In  considering  these  parts,  we  shall  take  them  up  in 
the  order  whieb  (hu  light  patwci?  through  ihuni  tu  the  eye. 

629,  The  8Lit  and  its  Collimator. — The  bright  and  dark  lines 
visible  in  tbe  speetroseopu  are  images  of  the  sHt.  .This  is  situated 
at  1,  Fig.  283.  It  consists  of  two  sharp  metallic  edges  set  at  a 
short  distance  from  each  other,  allowing  a  narrow  beam  of  light 
to  poAs  l>ctween  them  into  the  tube  ro  wliich  it  is  attached. 
These  must  bo  pert'ectty  true  and  smooth,  like  those  of  a  Icnife, 
and  set  exactly  parallel  to  each  other.  They  should  be  pro- 
tected from  dust,  and  as  tbcy  are  commonly  made  from  steel, 
care  should  be  taken  to  prevent  their  rusting  by  moisture  or 
fumes.  I>u8t  or  rust  upon  their  edges  produces  longitudinal 
Btrise  in  the  spectrum.  To  avoid  rusting,  they  are  sometimes 
made  oS  obsidian. 

In  itH  simplest  form  tbe  jaws  are  at  a  fixed  distance  from  each 
ether,  and  the  width  of  the  beam  of  light  admitted  to  the  eye  is 
invariable.  In  more  improved  kinds  one  uf  the  jaws  is  moved 
by  a  screw,  so  that  the  slit  may  be  entirely  closed  or  opened  to 
any  reouired  extent.  Sometimes  the  screw  head  carries  a  scale 
and  inrles,  by  which  tlie  aperture  can  be  measured,  and  change*! 
or  restored  at  will. 

In  ordinary  use  tho  slit  is  placed  quite  close  to  tho  flame  to 
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be  oxaraitied,  and  so  adjusted  that  the  latter  is  m  the  vertical^ 
axial  [iliiiic  of  the  tube  wliictli  oarries  the  slit;,  an  at  7,  Fig.  '28S.- 
"Wlien  necessary  to  compare  the  Bpectra  of  two  flames,  one-half 
ot'tbu  vertical  aperturu  it*  covered  by  a  small  primii  ho  adjusted, 
thai  if  the  secoiid  ia  placed  at  one  side  of  the  tirst,  its  rays  villi 
1)6  directed  down  the  tiihe,  and  while  those  from  one  eoami ' 
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light  occupy  the  upper  half  of  the  vertical  axial  plane,  those 
from  the  other  occupy  its  lower  half.  Tims  two  speetra  are 
presenteii  to  the  oh^erverone  imniciliatcly  iiho^e  the  other,  and 
their  niiiiulesl  details  may  be  accurately  compared.  The  device 
19  known  as  the  rnwparhon  prism. 

In  the  spectrum  apimratue  of  Fraunhofer  the  slit  was  placed 
at  a  (lieiance  of  twenty-four  feet  IVoni  tlie  prism,  presenting 
a  nearly  pfirallol  beam  of  light  to  its  action.  A  ^cat  improve- 
ment was  made  upon  this  by  Prof.  Swau,  who  achieved  the 
sanie  rosult  by  means  of  u  convex  lens  called  the  cotUmaioi^^ 
placed  at  it«i  princi[>al  focal  distance  from  the  slit,  and  with  tjjH 
exposed  face  close  to  the  prism.  It  is  located  at  2,  Fig.  28^^ 
The  slit  and  collimator  are  mounted  in  a  tube  provided  with  a 
second  or  draw  tube,  thus  allowing  any  focal  adjustment. 


flSO.  The  PriBin  and  Teleicope  arc  for  the  formation  and  e^ 
aniination  of  the  spc-ctruni.  The  former  occujties  the  position 
ai  y,  Fig.  283.  It  ia  nsuully  c(|uiimgular  or  a  prism  of  60"*.  It 
is  set  at  its  angle  of  minimum  deviation  (499).     According 
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iter  or  Ic88  (Jiapcrsion  is  Hesirctl  it  differ*  in  its  fharapter. 
ae  of  crown  ulat's  ijiveK  u  niotleratc  diB[n,'rgu3ii ;  oniiiiiiry  flint 
jarreater,  and  neavv  gliws  ii  still  g/vitt«r.  Hollow  prisms  lilled 
itl>  liquid,  at)  the  fiisnlphido  of  carbon,  are  nUo  employed. 
7'ke  oi/sercittglelrecope  Id  rGpTeschted  at  4.  It  is  supported  on 
movable  arm,  in  order  that  nny  portion  of  the  speetrum  image 
iiner^ng  from  the  prism  can  be  passed  down  its  Qxi«,  and  suD- 
mitted  to  examination  under  the  mn«t.  lavorahle  conditions. 

631.  The  Scale  and  its  Collimator. — These  are  shown  at  5  and 
B,  and  form  the  third  tclescn]tecf  the  apparatus.  The  former  is 
It  tJie  outer  end.  and  is  usually  pliotogrnpbed  upon  glass.  It  is 
UuniiDuted  by  a  candle  or  otlier  ttume,  as  at  r>;  atthc  inner  end 
ftt  A,  there  is  a  convex  lens  or  collimator,  from  this  the  rays  from 

ho  illuminated  scale  are  directed  upon  tlie  face  of  the  prism 
idjacent  to  the  oijjcct-glasa  of  the  telcwopc,  in  sucli  a  manner, 
hat  they  are  reflected  down  its  axis,  and  a  briglit  image  of  the 
cale  is  seen  above  or  below  tlie  siK-ctrum,  according  to  the 
lirection  givcit  to  the  axis  of  the  scale  tube. 
Aiiolber  inclhod  ciinstsiH  in  pltitnog  the  ecalu  initnediatcly  in 
)nt  of  tlie  eye-pi(?cc  and  ilhiininiUing  from  one  side  by  a  pecu- 
iarly  constructed  prism,  which  accouiplishes  the  object  by  two 
flections. 

In  some  instruments  a  micrometer  eye-piece  ia  used,  as  in  the 
icroscope.  In  others,  the  arm  su|iporting  the  observing  lele- 
ipe  traverses  over  a  gniduated  arc  The  positions  of  the  lines 
in  the  spectrum  are  determined  thereon  by  bringing  the  croi»8- 
wires  of  the  eye-piece  of  the  telescope  to  intersect  Ihum,  and 
"iog  the  degree  on  the  arc. 

632.  The  Sonrce  of  Lig:ht. — When  sunlight  is  employed,  it  must 
directed  by  a  mirror  upon  the  slit  along  the  axis  of  it»  colli- 

lalor-tubc.     The  beam  should  be  made  r>(eady  by  a  helioslat. 

For  ordinary  chemical  examinations  a  IJunsen  flame  is  used 
.  the  position  indicated  at  7.    Into  tliis  the  substance  is  intro* 
luced  oy  means  of  a  platinum  wire,  sujiported  bv  a  stand,  as 
8. 

If  a  more  intense  heat  than  that  furnished  by  a  Bunsen 

»me  is  required,  an  oxybydrogcri  jet  may  Iw  sultsiitutcd,  and 

the  same  position.     l<*or  still  greater  intensity  the  electric 

irk,  either  derived  directly  from  an  induction  ajipuratus,  or 

>ocentrAted  by  a  condenser,  is  employed. 

633.  Hnltiple  PriBm  Speotroscope  is  composed  of  a  number  of 
'pri<»ni'»  acting  in  the  same  dirLClion,  and  so  arranged  that  tbey 

cim  all  be  a<yugted  for  tbuir  angle  of  minimum   deviation  for 
;ADy  ray.     In  some  forms  light  passes  in  one  direction  through 
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the  battery  of  prifims,  aitd  in  the  1a«it  of  the  series  is  mi 
UDiltrgo  reflection,  by  which  it  i»  returned  through  ihe  iiinM 
evHt4?ni.  Thu9  an  amount  of  diapcreion  h  attained  equal  to  th&i 
produced  by  double  the  number  of  the  etleetive  priBnis.  ^wx- 
troscopea  of  this  nature  arc  only  used  for  special  astronomical 
investigations.  Sometimes  a  double  prism  iiislrument  ts  ii«-_ 
sirabie  in  certain  ehemieal  cxaniinutions. 

634.  Direct  Tiaion  Spectroscope. — It  has  Ixteii  stated  in  (dOSi 
that  the  dispers^ion  power  of  flint  glass  it;  nearly  double  ihii  of 
crown.  The  ditl'erence  iu  their  deviation  power  is  at  the  sani* 
time  not  f»o  great.  It  is,  therefore,  possible  to  combine  a  nuinbw 
of  these  prisms  in  such  a  manner,  that  while  the  rny  of  li|;bl 
undergoes  little  or  no  deviation  from  it^  original  course,  tliv 
is  suflieient  diaperaion  between  its  colors  to  produce  a  speclruiB, 
avaihible  for  spectroscopic  uses. 

In  Fig.  iHA,  sucli  an  arrangement  is  represented.  It  eoueistl 
of  three  crown  prisms  marked  C  C  C,  and  two  flint  marked 
F  F.  The  two  kinds  are  so  adapted  to  each  other^  that  tbeir 
bases  being  in  opposite  directions,  they  neutralize  each  uiben 

fio.  284. 

action.     In  respect  to  deviation,  this  nentralizatiou  is  pe 
As  pegartl**  disper-sion,  it  is  not,  conHeqiiently  the  cornpone 
colore  of  white  light  are  separated  in  its  pas!^age  through  the 
aystem,  as  at  r  c  :  and  u  spectrum  is  formed. 


635.  Grating  Spectroscope. — In  (607)  the  production  of  diffrao* 
lion  or  iiittTlV'renco  tt|k'ctra  by  means  of  gratings  was  described. 
Though  ill  this  melhod  of  formation  there  is  a  decided  loss  of 
tight,  the  original  beam  being  <lividcd  into  a  great  iiuniher  of 
spoirira.  there  is  a  gain  in  the  greater  dispersion  obtained  in  the 
red  region. 

For  phy (biological  purposes  ti  grating  of  about  5000  lines  _ 
the  inch,  ruled  on  glass,  the  surlar-es  flat  and  parallel,  is  sub* 
stituted  for  the  pri^ni,  and  mounted  in  its  place. 

The  l)C8t  form  of  apectroHcope  to  acooraplisb  this  is  that 
■which  measurements  are  made  by  traversing  the  tolesco|»e  up 
a  graduated  circle.  The  grating  may  be  mounted  either  for 
transmitted  or  reflected  light.  In  the  former  the  adjustments 
arc  as  follows: 

Ist.  The  grndunted  circle  being  placed  in  the  horizontal  plan 
the  uarrovv  opening  of  the  slit  should  be  set  vertically. 
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2d.  The  centre  of  the  hIU,  the  nxi«  of  its  eollimator-tube,  the 
m  of  the  telescope,  and  the  intei-eection  ol  its  crosa-lines  being 
in  tlie  enme  etmight  line,  the  index  of  the  telescope  should 

tint  to  the  zero  of  the  graduated  circle. 
3d.  The  unruled  surface  of  the  grating  should  be  turned  to- 
•vurds  the  cnlUmutor,  and  Ret  bo  that  the  axis  of  the  luttcr  Khali 
be  ptrpendicHJar  to  the  ruled  surfac*?  and  pierce  il»  centre. 

4ih.  The  puAJtinri  of  tlie  griiticig  (m:e  t^hould  be  8o  luljiieted, 
that  if  its  central   line  was  prolonged  verticallj-  downwards,  it 
krould  coincide  with  the  centre  of  the  axis  apon  which  the  oh- 
nerring  telescope  [novcs. 

P    The  ahove  adjustments  having  been  carefulli,'  attended  to,  if 

the  telcBcope  is  moved  to  tlie  right  a  apectrum  will  appear,  the 

violet  being  the  tirat  to  enter  thii  field,  Rolor  after  color  passes 

in  review,  then  a  blank  Biiat-e;  then  a  necond  epectruni  entei-*, 

the  violet  in  the  van.     This  Ib  more  dtspenwd  than  the  tirol,  ao 

■i  third,  fourtti,  and  higher  orders  of  (upcctra  display  themselves 

Bto  the  telciH.'ope  is  moved  onwards.     In  these,  owing  to  greater 

Hiapcrsion,  they  overlap  eacli  other,  and  the  colors  are  very  much 

confused;  they  are  also  very  faiut.     For  nioet  purpose*  the  first 

and  second  orders  will  be  tbun<i  ilio  most  useful.     If  required 

r  separate  the  colors  in  the  higher  orders,  it  can  be  done  by 
priBm. 
If  the  teleBcope  is  returned  lo  the  zero  of  the  acale,  and 
craversed  to  the  Ictl  the  oame  phenomena  occur,  and  a  nimilar 
series  of  spectra  a]>pear.     Taking  a  given  line  iti  that  produced 
by  ^unligbi.  or  the  sodium  line  in   that  from  a  tianie:    if  the 
apparatus  issufticieutly  perfect  in  the  construction  of  all  its  parts, 
■t  will  be  found  that  the  telescope  must  bo  moved  through  the 
■same  angle  on  each  side  of  the  zero,  to  bring  the  selectwl  line 
of  a  spectrum  of  an  order  of  the  same  nuuihor  upon  its  cross- 
lincH. 

\Vfaere  it  is  desired  to  use  the  grating  for  reflected  light,  its 

ruled  surface  miiet  be  silvered.     Spectra  of  greater  hrMliBnoy 

-»rc  thus  produced.     It  is,  however,  necessary  to  set  the  grating 

nt  an  angle  to  the  axis  of  the  eitt  collimator,  and  swing  the 

telescope  to  the  eolltniator  side  of  the  circle, 

In  making  photographs  of  (he  solar  spectrum  by  a  silvered 
gniting  I  resorted  to  the  device  of  passing  the  beam  of  light 
from  tlie  alit  beneath  the  grating,  and  thon  rellccting  it  from  a 
plane  silvered  mirror  upon  tlie  grating.  For  a  description  of 
the  methml  and  results,  the  student  ia  referred  to  the  "  American 
Journal  of  Sciences  and  Arts,"  vol.  xvi.  page  266. 
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Spectrum  Analysis. 

Four  kinds  of  spectra  present  themselves  for  investigation: 
Ist,  continuous  or  unbroken;  2d,  bright-Iiued  and  banded;  3d, 
absorbent;  4th,  abnormal. 

636.  ContinaoQS  Spectra  are  produced  by  light  emitted  from 
ignited  or  incandescent  solids  and  liquids.  It  a  body  is  at  low 
red  heat  the  spectrum  consists  of  red  only,  or  at  the  beat  of 
red  and  orange ;  as  the  temperature  rises  colors  of  greater 
and  greater  refrangibility  appear  in  their  proper  order,  unti! 
finally  the  seven  colors  of  jSTewtou  are  present  (501).  Ordioaiy 
illuminating  fiames,  in  which  carbon  at  a  high  temperatore  is 
the  source  of  light,  furnish  excellent  examples  of  this  close. 
Where  greater  brilliancy  is  required,  the  light  produced  by 
causing  the  oxyhydrogen  flame  to  impinge  upon  a  cylinder  of 
lime,  magnesia,  or  ztreonia  may  be  used.  That  from  a  strip  of 
platinum  or  carbon  rendered  incandescent  by  an  electric  current 
18  also  employed.  Continuous  spectra  are  chiefly  of  interest  to 
the  physician,  because  they  furnish  a  basis  for  the  production  of 
absorbent  spectra  of  various  animal  fluids.  For  this  purpose 
any  oil  or  illuminating  gas  flame  answers. 

637.  Bright-lined  Spectra. — If  a  Bunaen  burner  be  placed  in 
front  of  tlie  slit  of  a  spectroscope,  and  access  of  air  be  cut  off 
by  the  valve,  an  illuminating  riauie  will  be  produced  which  on 
being  viewed  through  the  instrument  will  give  a  continuous 
spectrum  of  incandescence.  Admitting  air  to  it,  its  luminosity 
will  at  once  disappear,  on  account  of  the  complete  combustion 
of  carbon ;  it  becomes  a  pale  blue  and  violet  and  is  known  as 
the  Bunsen  flame.  Looking  through  the  spectroscope  a  spec- 
trum will  no  longer  be  visible,  or  at  best  only  a  very  faint  light 
in  the  more  refrangible  region. 

If  a  platinum  wire  di[»ped  in  a  solution  of  chloride  of  sodium 
or  common  ealt.  he  immersed  in  the  Bunsen  flame,  the  latter  be- 
comes yell(jw,  and  on  looking  through  the  spectroscope  a  bright 
yellow  line  appeiirs  in  the  space  formerly  occupied  by  the  yellow 
of  the  incandescent  sjiectrum.  This  is  known  as  the  sodium 
line.  With  a  spectroscope  of  feeble  dispersion  it  is  single ;  but 
when  two  or  more  prisms  are  used,  with  a  slit  sufficiently 
narrow,  it  appears  as  a  double  line.  When  a  heat  more  intense 
than  from  an  ordimiry  Bunsen  burner  is  employed  other  lines 
appear  in  the  sodium  spectrum  and  it  finally  becomes  con- 
tinuous. So  tlolieatc  is  this  test  for  sodium,  that  it  has  been 
estimated  tliat  the  two  hundredth-millionth  of  a  grain  of  that 
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lemeiit  can  thus  be  detected.  Indeed  id  thie  respect  it  statide 
first  among  all  inctale. 

In  their  turn  many  other  auhstanc-eB  give  flpoeia!  colors  to  the 
BuiiAeii  dame,  and  the^e  whuii  vievvud  ilirough  the  Kpeutro^cupe 
preecnt  characteristic  siicctiii  compoeed  of  briglit  Itiius.  So  that 
of  potassium  produced  in  the  eame  maimer  aa  that  of  eodiun>, 
consists  of  a  red  and  a  violet  line.  Calcium,  UthUmi,  sfrxmUum^ 
and  ruhidium,  aU  present  strongly  marked  lines  in  certain  posi- 
tions in  the  red  togetiier  with  other  lines.  Ca^ium  gives  a 
ri^anK-Ieristiu  l>lue  line;  thaUium  a  green;  iniHum  an  indigo.  The 
ijfreat  value  of  the  spectroocope  in  cliomical  research  is  empha- 
sized by  the  fact,  that  within  a  few  years  a  number  of  new 
elements  have  hocn  discovered  by  its  aid ;  among  thefte,  the 
l]r«t  were  ctesium  and  rubidium,  and  later  thallium,  indium, 
and  gallium. 

Since  chlorides  of  metals  areasa  rule  more  rolatilethan  other 
compounds,  these  salts  should  be  employed  to  show  their  spectra. 
It  is  alsu  well  to  moisten  the  {datinum  wire  wiih  a  drop  of  nydro- 
chloric  acid  betbre  dipping  it  into  the  pulverized  salt.  In  the 
form  of  chloride,  copper  gives  a  superb  spectrum  when  immersed 
in  Bunsen  flame,  and  so  iU*  certain  other  ordinary  metaU. 

tAn  immense  advantage  possewed  by  e[feetriitu  anuly(*i8  over 
I  othermelhods  of  investigation  intoihe  composition  of  a  body 
18  the  fact,  that  it  yields  almost  at  a  glance  all  the  information 
it  is  capable  of  atibrding.     Suppose,  for  example,  in  place  of  a 
single  element  we  have  »  mixture,  as  sodium,  potassium,  lithium, 
calcium.     Since  each  of  these  presents  its  own   characteristic 
lines,  none  of  which  are  coincident  with  those  of  tlic  otliei-s,  we 
detect  the  presence  of  each  and  all  at  once,  exactly  as  we  recog- 
lize  the  faces  of  ilifferent  persons  with  whom  wc  are  acquainted, 
"lough  mingled  with  a  crowd  of  others. 
For  accurate  placement  of  the  lines  of  any  element   h}'  a 
iven    spectroscope,  they  muft   be  studied  in  connection  with 
10  scale,  and  a  reconl  kept,  to  which  reference  can  be  made, 
^hc  instrument  being  then  adjusted  with  the  sodium  lino  always 
bn  a  given  line  of  the  scale,  the  position  of  the  lines  found  ie 
Bead  off,  and  their  nature  duterniiiied  by  reference  to  the  record. 
p    While  many  metats  give  stn>ng  spectra  at  the  temperatures 
reached  by  the  Hunscn  Hame,  there  are  others,  like  iron,  which 
arc  not  sufHcienlly  volatilized  at  that  heat   lo   giv^   a    result. 
Thctfo  can  all  be  made  to  assume  the  vaporous  stale  by  aid  of 
le  electric  arc,  or  by  the  simple  or  condensed  spark  of  an  in- 
iction  coil.     Uy  one  or  another  of  these  agents,  spectra  of  all 
le  elements  have  been  obtained,  that  of  each  being  often  dif- 
treat  according  to  the  temperature  at  which  it  is  volatilized. 
Tor  the  phyj^ician,  however,  who  desires  to  examine  the  ash  of 
Bsue  or  cxcreUoD8  for  certain  clemoDts,  the  use  of  lined  spectra 
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is  uontiued  to  the  detection  of  calcium,  fiodtum,  litbtum,  aod 
other  substances  volatile  in  the  Buusen  Same.  Tlic  more  potent 
apptiaiicca  are,  therefore,  left  almost  entirely  in  the  hands  of  ih* 
^•iieniisl  and  phveiciBt. 

638.  Banded  Sp«ctra. — Ln  place  of  liticn,  the  spectra  of  some 
ganes  and  vHpon  are  composed  of  briglit  t>ands.  This  ie  ttie 
cft&c  with  the  fipeetnim  of  cyanofl;«n.  Ignited  nitrogen  afl'onlt 
another  example  of  the  same  result.  Under  an  increase  ol'  tviu- 
perature  bands  are  broken  up  iutu  tine  linet^,  sometitncifl  iii 
greater  and  sometimes  less  refrangibitity  than  those  fromwliicli 
thoy  were  formed.  It  is  thought  that  at  lower  temperature 
band^  may  arise  from  some  compound  of  a  substance,  while  ai 
higher  thc»«e  nmy  be  dissociated,  and  the  true  bright  lines  of  tke 
element  appear. 

The  spoeira  of  gaaca  are  best  obtained  by  the  aid  of  Geiasifft 
and  Pitirkefs  tubes,  which  contain  the  gas  or  vapor  in  a  sTHteof 
extreme  exhaustion.  Those  generally  employed  consist  of  Wo 
elongated  biilHs  connected  by  a  cajullary  tube.  A  plalinara 
electrode  passes  tlirougli  the  distal  end  of  each,  and  aiibrda  con- 
nection with  the  poles  of  an  induction  coil,  or  a  Iloltz  appi* 
ratus.  Oil  pasaiiig  the  sparks  the  slender  column  of  attenuit^^ 
gas  in  the  capillary  tube  becomes  brilliantly  illuminated,  ad^ 
placed  in  front  of  the  slit,  the  spectrum  under  the  prevftiling 
couditiona  is  seen. 

639.  Hebnlar  Spectra. — The  importance  of  the  application  of 
speetrum  analysis  to  investigating  the  chemical  constitution  of 
the  heavenly  bodies  was  quickly  recognized  by  a  number  of 
astronomers.  It  was  observed  that  there  was  a  marked  dif- 
ference between  the  Bpectra  of  the  various  nobalro,  and  those  of 
the  fixed  stars  and  planets;  in  that  the  former  generally  gave 
bright-lined  spectra  like  those  of  ignited  gaeee,  while  the  latter 
g»ve  continuons  spectra  crnasod  by  dark  rinea. 

640.  Gaseous  Absorbent  Spectra. — A  sodium  tlame  produces  a 
spectrum  consisting  of  a  bright  yellow  line.     It  might  be  ex- 

f)ected,  that  if  this  was  interposed  between  an  oxyliydrogen 
ime-light  and  the  spectroscope  Ihrough  which  it  is  viewed,  the 
yellow  of  the  former  would  intensity  that  of  the  continuouii 
spectrum  of  the  latter.  Such,  however,  is  not  the  case;  on  the 
contrary,  the  sodium  flame  absorbs  the  yellow  of  the  calcium 
light,  and  a  dark  or  black  Hue  appeara  in  its  placo.  In  the 
same  manner  potassium, strontium,  and  other  vapors  were  found 
to  produce  dark  lines  in  a  continuous  spectrum,  when  intervened 
between  the  spectroscope  and  an  oxycalcium  light.  To  this 
daas  of  phenomena  the  term  (tbmrbent  spectra  is  applied,  and 
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It  was  soon  provtiti,  timt  wbunuver  an  iiic-atidescmit  vupor  Ibriim 
a  spectrum  uf  bright  liiitts,  it  will  produce  a  rovurtte  Hpoc'truin  of 
dark  lines  when  iiiterveued  between  tlie  epecti-oscope  and  an 
iDuandescent  solid  ur  liquid. 

841.  Solar  Spectruffl. — Tf  a  8pectrosco[>e  be  dii-euted  towiirda 
tK»?  sun,  or  if  Hiinlight  he  roflectcd  ilowti  the  lube,  wiiiU;  the 
slit  i»  widy  open  a  very  brilliant  L-onlinuous  spectrum  i^  seen. 
Ou  reducing  the  iipet'ture  thu  intensity  ol'  culur  diiultiiBlifiiii,  and 
when  sutficicntly  narrow  w*ell-tnArked  dark  lines  np{K;ar  as 
■  •howu.  Fig.  285.     Those  arc  known  as  the  J-yaunhofer  (iiies,  and 
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were  named  by  their  discoverer  A  B  C  D,  etc.  Continuing  the 
rodttctiun  in  aperture  and  increasing  the  dtepcraivo  power,  these 
lines  appear  by  thousuuds. 

For  long,  the  origin  of  the  dark  Hues  of  the  solar  spectrum 
waK  an  inexplit-ahlo  riddle;  but  al  1aHt  the  enigma  was  Bolved 
through  agent-y  of  the  faints  with  which  we  have  been  dealing. 
It  was  the  fortune  of  Kirehot)'  to  discover  chat  the  strong  dark 
line  in  llie  yellow  of  the  solar  epeclrum,  whlirh  Fraunhufer  called 
D,  was  coincident  with  the  yellow  line  of  sodium.  He,  there- 
fore, argued  that  since  incandescent  sodium  vapor  produced  a 
dark  line  in  the  spectrum  of  incundescunec  from  a  lime-light, 
it  was  endent  that  in  the  sun  the  light  emitted  from  lliu  interior 
photosphere  must  meet  witli  sodium  vapor  in  tlie  exterior 
envelopes,  and  bo  by  absorption  produce  the  dark  line  in  ques- 
tion. In  like  mantter,  the  lines  C  and  F  were  t'outid  to  be  coin- 
cident with  and  a  reversion  of  two  hydrogen  lines,  anti  over 
one  hundred  bright  line«  of  the  spectrum  of  iron  were  found  to 
have  their  counterparts  in  dark  lines  of  the  solar  spectrum. 
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Little  by  little  obaen-ations  were  extended  until  the  cwivic- 
tioii  forced  itself  upon  all  i>cietittlic  niiudd,  that  by  aid  of  e[H.i-- 
troscopic  examinaUon  of  their  light,  infomiatinn  could  be  olv 
tained  regarding  the  chomieal  conBtitation  of  the  hearenlj 
bodies,  and  as  the  new  science  underwent  extension,  it  was 
proved  that  nearly  all  Hubstances  existing  on  our  earth  «(v 
discoverable  in  tJie  exterior  envelopes  of  the  sun. 


842.  intra-violet  Solar  Spectrum. — The   original   Frminhoftr 
lines  are  oontiiied  to  the  visible  spectrum,  ana  terminate  in  llit 
violet  at  II.      liy  applieatioii  of  photography  to  the  studT  of 
the  Hpectrura,  it  was  found  that  there  existed  beyond  the  noi 
an  ultra-violet  region,  as  rich  iu  absorption  linee  ob  the  rinb 
spectrum  itfielf.    To  certain  great  groups  in  this  region  the  Icttei 
L,  M,  X,  O,  V,  Q,  were  attached.     By  use  of  screens  of  varion* 
phosphorescent  or  fluorescent  substances,  the  spcctnim  wm  still 
turtlier  extended  until  the  eiiuiuemtion  of  these  great  gronps 
reached  the  letters  V  and  W.    Besides  these  the  leaser  liae* 
were  numbered  bv  thousands. 


843.  Infra-rtd  Solar  Spectmm, — As  tliere  is  an  invisible  apec' 
truiii  iu  the  more  refrangtble  region  beyond  the  violet,  crowded 
with  absorption  solar  lines,  so  in  the  less  refningiblc  below  the 
red  there  is  an  infra-red  space  presenting  well-niarketl  linea. 
In  this,  also,  iibotogniphy  bus  been  the  agent  by  whicb  the  spec- 
trum has  licen  extended.  To  give  some  idea  of  tlie  extent  of 
this,  we  may  say  that  between  A  and  U  lies  the  visible  spec* 
tram,  about  4000  of  Augstrom's  unit^  in  length.  If  we  takx 
this  as  representing  the  visible  spectrum,  that  bclon-  cxiendt 
six  times  as  far,  or  Uirijugli  *J4,0U0  units,  must  of  which  has  been 
mapped. 
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644.  Wave-leagths  of  the  Lines  of  the  Bpeotnim. — To  avoid  con- 
fusion ari&ing  from  use  of  prisms  and  scale*  of  varying"  value*. 
attauhed  to  dift'ereut  instruments,  a  scale  based  upon  the  wave- 
lengths of  the  solar  lines  han  been  introduced.  The  unit  is  the 
teuli)  metre.  xVecordingto  this  the  wave-lengths  of  the  principal 
Fraunbofcr  linos  are: 


A  =  7604.00 
B  =  ti86T.O0 


b  =Air2.00 
p  <E=  481,0.72 
G  =  4307.26 

n,=  593S.W 


64S.  TTse  of  the  Solar  Lines  as  a  Scale. — In  (831)  mention  has 
been  wade  of  the  ordinary  methods  of  measuring  the  position 
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of  Hiieft  in  a  spectriini.  In  the  ultra-violet  and  iolra-red  these 
aro  sonietinieB  difficult  of  apnliaition  or  titil  iis  altogether.  In 
thin,  and,  indeed,  in  nearly  all  cases,  the  dark  linca  of  the  solar 
Bp«ctrum  provide  the  moat  reliable  method  by  wliich  the  posi- 
tion of  a  given  Iwnd  or  Hue  can  be  ftati^taftority  determined. 
One  way  of  applying  it  is  to  pa^s  into  the  obsemng  telescope 
two  spectra,  one  above  and  coinniderit  with  the  other.  The  first 
derivtd  from  the  sun  by  turning  its  rays  into  the  colHnmtor  by 
a  comparieon  prism  The  second  from  the  H^ht  to  be  compared 
therewith.  When  the  lines  of  the  visihlo  Bpeetruin  are  to  be 
examined,  the  eye  serves  as  the  means  of  investigation;  hut 
when  the  ultra-  or  infra-spectral  regions  arc  under  coneidcra- 

r'on.  suitable  methods  of  p notography  must  he  employed. 
When  the  poi»iiioii  of  the  bandit  in  the  absorbent  spectra  of 
liquids  is  to  he  determined,  the  light  of  the  Hun  being  taken  as 
the  basis  for  tlie  formation  of  the  absorbent  spectrum,  it  only 
remains  to  use  a  slit  of  sufficient  fineneas  to  produce  the  solar 
lines,  and  thereby  obtain  the  means  of  measurement.  Accord- 
ing as  they  are  investigated  in  ditfereut  spectra,  observations 
ehould  be  taken  directly  by  the  eye,  or  through  the  agency  of 
lotography. 

646.  Atmospheric  Spectram  Lines. — fn  addition  to  the  tine  lines 
'  the  solar  fspeotrum  to  which  attention  haa  been  directed,  there 
are  certain  banils  and  regions  of  absorption  e^i^Hicially  evident  in 
tlie  earlier  and  later  portions  of  the  day,  when  the  sun  is  near 
the  honzon,  and  when  his  rays  come  to  us  through  a  greater 
thickness  of  the  atmosphere.  These  have  been  called  atmoa- 
pheric  and  telluric  bands  or  lines.  The}'  originate  in  the  ab- 
BorptivQ  action  of  the  vapor  of  water  in  llie  oarth'a  atmosphere; 
but  the  field  bos  not  yet  received  the  cultivation  it  deserves, 
and  it  is  probable  that,  in  the  future,  research  will  discover  other 
and  important  exptiinationis  of  value  to  the  Bcieuce  of  meteor- 
ology,  and,  consequently,  to  medicine. 

f  647.  Planetary  and  Stellar  Spectra. — In  moona  and  planets, 
except  llranuci,  the  spof:tra  art:  the  same  as  that  of  the  sun,  na 
tlieir  light  is  derived  therefrom.  In  the  fixed  stars  it  is  not  so, 
their  dark  lines  differing  from  those  of  the  sun,  and  from  each 
other  Secchi  makes  out  no  less  than  four  types  of  stellar 
spectra.  ''  The  tirst  embraces  the  white  stars  and  includes  the 
well-known  Sirius  ond  u  Lyrw.  Their  spectra  usuolly  contain 
a  number  of  very  fme  lines,  and  always  include  four  broad  dark 
lines  which  iHiincidc  with  the  briglit  lines  of  hydrogen.  Out  of 
S46  stars,  104  were  found  to  belong  to  this  type.  The  second 
group  embraces  those  having  spectra  intersected  by  numerous 
fine  lines  like  those  of  our  sun.     About  140  stars,  among  them 
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!*o1Idx,  Canella,  f  Aquilip.  belong  to  tbia  pollecrion.  The  third 
embraces  the  red  and  orange  stare,  ^ucli  ae  a  Oriotiie,  it  Pt^m: 
the  Hpectra  of  these  are  divided  into  eif^ht  nr  ten  parallel 
coltininnr  duatere  of  dark  and  brifrht  bandfi,  inerea«iiifc  in  in- 
tciiHit^v  10  the  red..  Uroup  four  is  made  up  of  Hrnall  red  «(un 
with  sp*'Otra,  and  is  constnuttrd  of  three  briffht  zones,  itKTejL--!ng 
ill  tn(ent<itv  towards  the  violet.  It  would  thus  appear  thatlix'jO 
Htartt,  wirtle  dilYering  frotii  one  another  in  the  matter  of  whicti 
ih^  arc  composed,  are  constructed  on  the  same  general  placu 
our  aim,  and  have  a  photosphere  surrounded  by  a  gaaaoni 
atmosphere," 

648.  Absorbent  Spectra  by  Colored  Liqaids. — It  haA  been  dkovn 
that  colored  tljiine«  poaseRs  the  property  of  absorbing  thrirown 
tint  of  light  from  tne  spectrum  of  an  incandescent  Bolid,  pro- 
ductng  dark  linen  therein.  Ab  might  be  expected,  colortd 
liqtiitlA  have  a  aimilar  power,  and  those  wliich  appear  colorlws 
also  exert  a  certain  absorbent  action. 

If  a  eoliiiion  of  permnpffauate  of  potash  in  a  cell  with  fl*t 
parallel  walls  is  placed  immediately  in  front  of  the  slit  of  n 
apectroflcope,  at  the  same  time  that  raya  from  the  sun  or  ftome 
incandescent  solid  are  passing  into  the  instrument,  the  spectrim 
aeen  through  the  telescope  presents  great  bande;  or  gapa,  and 
its  length  Is  reduced  both  iti  the  more  and  less  refrangible 
region «). 

Passing  from  an  inorganic  to  an  organic  body,  if  a  solution  of 
cMoropht/i,  tbe  green  coloring  matter  of  leave's,  be  put  in  tiie 
Bftfne  position,  (lark  bands  appear  in  the  red,  the  yellow,  and  Ik 
violet.  In  both  of  these  instances  the  gajis  or  dark  bandti  are 
produced  b^"  the  al>!*orbeiit  action  of  the  tloid.  and  the  fact  of 
their  heing  in  a  epectrum  becomes  the  evidence  of  (he  presence 
of  tbcHc  fluids  in  the  cell,  and  an  analytical  test  for  the  same. 

S49.  Absorbent  Spectra  by  Colorless  Liquids. — Russell  and  Lap- 
raik  have  inude  an  extensive  examination  of  these  spectra.  The 
spectroscope  had  a  single  prism  of  heavy  glass.  Before  tbe 
liglit  reached  the  slil  it  traversed  a  column  of  the  liquid  from 
S  to  8  feet  in  length.  Water  gave  a  band  at  WO  to  610  of  the 
scale,  with  a  second  at  705  to  723.  Alcohol  one  at  630.  Methrl, 
nropy  I.  ami  amyl  alcohols  give  tiiem  nearer  to  rhe  red  ms  alcotiol 
IS  higher  in  the  serie*.  Ethyl  iodide  a  second  from  716  to  724. 
Amvl  nitrate,  acetate,  and  it>ilide  give  liands  like  that  of  amrl 
Itlcoltol,  but  a  little  nearer  the  blue.  Chlor<'>fomi  a  fiunt  ooe 
from  607  to  616,  and  a  strong  one  from  711  to  717.  Aldehyde 
and  acetic  acid,  large  alworption  at  the  red  and  a  &int  band. 
B«n]nn6  tu-o,  one  at  606  to  616,  the  other  from  703  to  714. 
Phenol  two,  one  uear  the  water  band,  tbe  other  from  679  lO 
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710.  Aromonia  live,  the  darkest  from  649  to  654,  one  coin- 
ciding with  the  water^  the  other  with  the  alcohol  baud,  a  narrow 
sharp  one  from  ritJO  to  570,  and  a  fifth  from  (J98  to  708.  The  only 
liquids  which  did  not  give  bandfl  were  carbon  disulphije  and 
tetrachloridti.     See  "Journal  of  Chem.  Soc,"  168,  Aiiril,  1881.^ 

6fiO.  Blood  Spectra. — The  rc<l  coloring  eubstauce  of  the  blood 
discf,  called  lite inoglo bin,  pre.><L-uts  an  absorbent  spectrum  wliich 
vuricH  according  as  an  additional  portion  uf  oxygen  is  associated 
therewith  or  not.  In  the  venous  blood  the  diecs  are  of  a  darker 
red,  and  contain  hicnio^lobin.  In  their  pneangc  tbrouj^b  the 
lung^,  au  additional  jtortiou  of  ox^-geu  ia  taken  up  by  their 
coloring  matter;  they  become  a  brighter  rod,  the  hsenioglobiu 
pawing  into  oxyhienioiclobin.  Again,  coiirrting  through  the  syS' 
l«mic  circulation  the  latter  \i  deoxidized,  and  the  former  pro- 
duced. At^er  iinilergniug  thuge  allertnitiii^  changett  u  number 
of  times,  the  luenioglobin  is  at  last  decomposed,  and  passes  into 
btcmatiu.  which  is  aUo  a  red  colored  fiubstaucc. 

^All  three  of  these  states  of  the  red  coloring  matter  of  blood 
are  represented  by  changes  in  the  abeorption  spectrum  of  that 
iul>fitancc.  The  spectrum  in  each  case  is  given  in  the  following 
diagrams: 

Km.  280. 
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The  lettere  indicate  the  Fraunhofer  linct!.  The  first  spectrum 
represents  that  obtained  from  arterial  blood,  or  oxyh«>moglohin. 
In  the  second  the  oxyhiemogtobin  is  reduced  by  ammonium 
sulphiile  to  hfvmiiglobiii.  The  third  shows  that  given  by  hamia- 
titi  wheti  the  solution  is  acid.  The  fourth  is  that  of  hiematin 
reoxidizc<l.  It  in  very  nearly  the  eume  ua  that  produced  by  the 
action  of  carl»on  monoxide  upon  blood.  Thia  gas  also  im[>arts 
a  bright  red  lint,  which  cannot  be  removed  by  the  same  BKen- 
cies  UH  those  which  remove  the  red  tint  from  blood  reddened 
by  oxygen. 

'     651.  Bpflctra  of  Bile  and  Fetteokoffer's  Teit. — Certain  coloring 
matters  arc  obtained  from  bile  by  the  action  of  ali-ong  reagents 
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which  ^ve  characteristic  apectra.  Bj  passing  nitroos  vapon 
into  hilirubin  a  body  called  choletelin  is  formed,  which  in  add 
solation  gives  a  broad  band  extending  irom  b  to  beyond  F. 
Another  product  formed  in  Gmelin's  reaction  givea  in  stroag 
^lation  one  &om  D  to  i.  The  appearance  of  thu  indicates 
grave  disturbance  of  the  system. 

The  spectrum  of  Pettenkoffer's  test  gives  a  band  outside  of  D, 
and  a  broad  one  at  £.  Oampbell  gives  the  spectmm  of  BO^oin 
tanrocholate  as  three,  one  between  C  and  D,  one  between  D  and 
E,  and  a  third  near  F. 

662.  Other  Bpeetra.  Ahnonoal  Speetra. — Certain  coloring  mat- 
ters in  wine,  beer,  and  ale  also  ^ve  characteristic  absorbent 
spectra. 

'When  a  hollow  glass  prism  is  filled  with  indigo  solution, 

Sotassinm  permanganate,  or  alcoholic  solution  of  fochsine,  tbe 
istribntion  of  colors  is  changed.  In  fuchsine  the  violet  is  the 
least  re&acted,  then  the  red,  and  then  the  yellow,  which  is  lo- 
fracted  the  most  £undt  says  that  all  substances  with  snr&ee 
color  give  abnormal  spectra. 
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THEORIES  AND  EFFECTS  OF  HEAT. 

[ThMriH  of  bwt— tiuurcea  of  beau-Effeci  of  heat  od  pUyflcftl  propwtlo— BBtet 
on  eompMtiioD — EspKosion — BitpanRitio  of  solids — Rxpamion  of  liquids — 
Haiimtim  deiuit; — Eiputilim  of  gitaf — Wind* — EflTnctun  muuuiM  of  Ubm 
Aud  quantity. 

Life  is  posBible  between  the  temperatures  whidi  determiue 
tbe  tluid  state  of  water.  No  living  creaturo  can  survivo  a  heat 
ttbove  212*  K.,  for  the  liquid  conBtituonta  of  the  body  would  be 
disBipaleii.  Certain  low  ^rint>,  however,  retain  their  vitalitv. 
None  but  germs  can  bear  a  temperature  below  32*  F.  It  is 
true  that  a  creatore  rnay  in  itself  possess  the  power  of  geuer- 
atinsf  heat  and  thus  resist  low  temperatures,  but  remove  this 
faculty,  lot  the  circulating  joicee  of  its  body  fall  below  ;i2°  F., 
and  unless  they  arc  enelosca  in  capillaries,  movement  becomes 
impoiuible,  and  death  sapcrvcncs. 

For  plauts  and  animals,  heat  is  the  all-important  condition. 
Without  it  tbe  elobe  would  be  a  dreary,  barren  waste.  The 
ancient  fire  worsnippcrs  made  ttact'ificial  ntt'crings  to  the  sun  as 
the  emblematic  source  of  heat  and  of  all  earthly  f(ood.  To  the 
KgjptiunB  a  burning  torch  was  the  embleni  of  life. 

To  the  earlier  inhabitants  of  the  ^lobe  beat  meant  merely 
tiie  means  ot  cooking,  and  tlie  promotion  of  the  comfort  of  their 
dwellings.  To  the  modern,  it  is  emblematic  of  power  and  a 
mastery  over  the  earth.  Locomotives  uu  laud,  steamers  on  the 
BOA,  innuinerablu  applications  in  factories,  and  those  wonderful 
electro-dynamic  eu^nes  yielding  force  and  light,  are  all  results 
of  modern  applications  of  heat  to  generating  various  kinds  of 
.force.  Take  away  tbe  applications  of  heat  which  arc  now  so 
vaiTereally  employed  in  giving  us  the  comforts  of  Hie,  and  life 
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itoelf  would  hardly  be  worth  its  existence.    We  mav,  therewr 
profitably  employ  ourf^;lvefl  wiih   inquiring  into  the  ualure 
this  alt-important  tbrni  of  energy. 

653.  Theoriea  of  Heet. — The  ^rst  is  the  theory  of  eiDtniati, 
which  holdM  that  tlie  niole^-ules  of  bodies  are  sarronnded  hy% 
subtle  iin]KiiiderabJc  fluid,  which  can  paas  from  one  to  another. 
These  heat  inolcenles  cause  repulsion  of  those  of  the  aabstiini* 
and  oppose  cohesion. 

The  ^ffand  Ih  the  utidulatory  theory.  As  with  light,  this  de- 
mands existence  of  the  ether,  the  molecules  of  which  are  Ui» 
fitato  of  vibration.  These  motions  may  be  communicated  to 
the  molcculei^  of  bodies.  The  hottest  bodies  are  tbns^  in  whicb 
the  movements  have  the  greatest  velocity  and  the  greatest  iini- 
plitiide.  According  to  this  view,  heat  is  a  condition  of  matter 
and  not  a  substance.     It  is  the  tlicory  now  generally  accepted. 

654.  SoaroeB  of  Heat. —The  /rr«(  is  the  sun.  It  is  estimated 
that  enough  heat  is  received  by  the  earth  from  this  body  cucH 
year  to  in«U  a  layer  of  ice  over  100  feel  in  thickness.  As  it 
only  receives  the  aninll  qnanlity  the  pajiwagc  of  wliich  its  surtaoe 
obstrncts,  we  perceive  how  enormous  the  amount  which  escaptt 
into  space. 

Kegiifding  the  source  of  the  sun's  beat,  varioiiB  opinions  are 
held.  Some  maintain  that  it  is  the  result  of  mechanical  aclit>B, 
arising  from  attraition  of  the  suu  for  meteoric  matter  floating 
in  space,  which,  when  it  comes  within  the  range  of  the  son's 
action,  is  drawn 'into  that  body,  and  the  temperature  is  su^ 
tained  by  the  continuous  pelting  of  this  matter  striking  the  .lun 
with  inconceivable  velocity. 

Another  theory,  held  for  some  time,  waa  that  of  combustion, 
but  there  is  notliing  to  sho%v  that  this  is  trae.  It  ia  generally 
maintained  that  oxygen  does  not  exist  in  the  sun,  hut  1  have 
liemonstrated  that  the  spct^trutn  of  that  body  shows  exceedingly 
fine  lines,  which  correspond  with  tliose  of  the  bi-ight  spectrum 
of  oxygen,  "Amcncan  .loiiriial  of  Science  and  Arts,'' Oct.  1878, 
and  June,  1879  (44.1).  Gninling  that  oxygen  docs  exist  in  the 
solar  envelope,  it  liaa  nothing  to  do  with  its  heat,  since  at  the 
temperature  wliicli  prevails  compounds  cannot  form.  Tlie  ele- 
ments nil  exist  in  their  elontpnrnry  state;  and  if  coinpoands 
could  be  formed  in  one  locality  Ihey  would  instantly  be  disso- 
ciated hv  the  surrounding  intense  heat. 

Uetniholtz  maintains  that  the  8ma1lne«s  of  the  sun's  densihr, 
only  one-quarter  that  of  the  earth,  suffices  to  explain  the  origin 
of  the  high  temperature.  Assuming  that  slow  contraction  is 
going  on,  lie  eatiniatoa  that  a  shrinkage  equivalent  to  ni^fo*^  **' 
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*  «an'fl  (liaineier  would  et'olve  as  mucli  lieat  as  has  been 
tsmittetJ  i'roiii  that  luiiiiimr,v  during  2100  years  (144). 

The  sfcomi  is  the  ititenial  heat  of  the  earth,  shafts  which 
liave  beeu  sunk  in  the  eartli's  crust  show  a  uoifortu  elevation  of 
temperature  \vith  incrciise  of  depth.  The  rate  varies  in  dilierent 
parts,  but  may  be  stated  ns  1°  F.  for  even,-  fiO  to  100  feet.  At 
a  depth  of  30  fuet  all  (.-viduucu  of  seasonal  chan^  is  lost,  aud  a 
regular  increase  of  temiiemttiro  is  established.  At  this  rate,  it 
is  estimated  that  within  a  distance  of  SO  miles  from  the  surface 
everything,  even  the  moat  refractory,  ie  in  »  molten  state.  Guulo* 
gical  considerations  also  tend  to  show  that  a  section  of  the  earth 
would  be  represented  by  an  external  solid  zone  SO  to  50  miles 
thiek,  then  one  of  liquid  matter  of  unknown  depth,  then  a  core 
or  nucleus  of  solid  matter.  As  we  descend,  the  melting  point 
would  nndcr  the  I'tiormous  pressure  become  so  high,  that  it 
could  not  be  maintained  in  that  state. 

The  third  is  chemical  action  of  all  kinds.  Every  process  of 
oxidation,  whether  u  rapid  combustiou  or  a  slow  rusting,  every 
act  of  fermentation,  putrefaction,  or  decomposition,  evolves  more 
or  less  of  this  form  of  energy. 

The  fourth  is  mechanical  aelion,  as  friction  of  all  kinds.  Uy 
blows  or  percussion  u  blacksmith  may  niuke  a  snmll  portion  of 
iron  red-hot.  A  bullet  discharged  against  hh  iron  target  melts 
by  the  sudden  arrest  of  its  niov«;ment.  Indeed,  heat  is  tlie  final 
form  of  energy  to  wbieh  all  other  forms  lend,  and  in  which  they 
will  all  be  tinally  dissipated. 

I^/fh,  electric  action,  as  when  a  current  of  voltaic  electricity 
ifl  forced  to  pass  along  a  narrow  conductor;  a  principle  which 
bu  recently  been  utilized  in  the  incandescent  carbon  or  platl- 
Dum  light  of  Edison. 


655.  Effect  of  Heat  on  Physical  Propertiei. — The  form  of  a  sub- 
stance  is  absolutely  dependent  on  itt»  (einperature.  Water,  for 
B example,  below  32°  F.,  is  a  solid,  between  that  and  212°  F.  a 
"  liqaitl,  above  212°  F.  a  vapor.  In  Fig.  287  wo  give  some  of  its 
crystalline  forms  assumecl  a«  it  paHsca  into  the  solid  state;  the 
hexagonal  predominates.  All  solids  become  liquids  under  a 
sulhcient  elevation  of  temperature. 

■  Color  also  is  dependent  on  temperature.  The  iodide  of  Btnrch. 
}rrepared  by  adding  a  Uttle  tincture  of  iodiue  to  a  solution  of 
atarch,  is  of  a  rich  dark-blue  hue,  raise  its  temperature  nearly 
to  the  boiling  point,  and  it  becomes  colorless.  Cool  it,  and  the 
blue  tint  is  restored.  So  also  red  iodide  of  mercury  sublimes 
yellow;  white  oxiile  of  zinc  heated  turns  yellow,  and  a  host  of 
other  I'odieit,  if  submitted  to  a  change  ot  temperature,  show 
change  in  color. 
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Size  is  contrnlled  bv  tempemture.  Tf  we  take  a  rop[«r 
sphere  ami  tit  \l  accurately  to  a  ring  so  that  it  just  \tasiitA 
through  when  cold,  and  tnea  ruisc  ita  temperature,  it  taik  to 
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gastt.     It  has  bwoUcd  or  undercrono  oxpaneion  by  the  actioD 
eat.     Cool  it,  and  it  passes.     Kig.  1. 
From  this  experiment  we  perceive  that  heat  ex[>and8  a  bod,v, 
and  loi^a  r>f  heat,  diminntinn  or  temperature,  or  cold,  causes  it 
contract.     Its  size  is  ahsoditely  dependent  upon  iVj  tempera/ttre. 


BS6.  Effect  on  Composition. — If  oxide  of  mercury  be  placed  ia 
a  test-tul>e  and  submitted  to  a  sufficiently  high  temperaturei 
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]ndcr;;oes  decomposition,  oxygen  being-  sot  Ircd,  and  mercury 
eubtiming  in  minute  globules  ou  the  wuHb  of  the  tube,  Tbis 
separation  of  a  conipnunri  into  its  olemonta  by  action  of  boat  is 

t  called  dissoeiatian. 
While  a  few  inorganic  bodies  undergo  dissociation   below 
1000°  F.,  there  is  no  organic  aubetance  which  can  reeiBt  that 
temperature. 

A  iwrtion  of  wood,  Bturch,  muscle,  or  other  organic  body, 
plaeea  in  a  tube  nnd  heated,  BOon  begins  to  undergo  change, 
eases  are  discharged,  and  water  ia  given  off,  various  volatile 
nuidf)  with  cither  a  pleasant  or  an  unplcA»ant  odor  escape,  and 
a  residue  of  black  carbon  remains.  Heated  on  platinum  in  the 
air,  6ueh  bodies  catch  fire  nnd  burn,  a  charred  muHS  of  carbon 
remaining  for  a  time,  which  by  continued  application  of  heat 
ie  tinaliy  oxidized,  and  u  white  ash  obtained,  lieat,  therefore, 
is  I  he  test  forditlerentiation  between  an  inorganic  and  an  organic 
body,  especially  when  used  in  connection  with  air     The  black 

»  residue  of  carbon  which  arises,  nnd  which  is  completely  oxi- 
dised by  prolonged  application  of  a  high  temperature,  proving 
the  eubt)tance  to  be  organic. 

In  addition,  heiit  ileternnnes  whether  the  organic  body  ia 
nitrogenized  or  not    If  during  the  ccmbuj^tlon  the  fumes  do 

tnnt  have  an  odor  resembling  that  of  burning  hair,  the  abeenco 
of  nitrogen  may  be  inferred.  If,  on  the  contrarj*,  this  odor 
is  perceived  nitrogen  is  present,  and  we  are  dealing  witii  a 
nitrogenized  substance. 

»6IJ7.  Expansion. — In  the  experiment  of  the  bull  and  ring(6S5) 
it  was  found  that  temperature  governs  the  size  of  a  sojtd ;  it 
remains  to  examine  its  eftcct  on  other  forms  of  matter. 

Take  n  flask,  A.  Fig.  1^88,  with  a  long  neck,  and  place  in  it 
some  colored  alcoiiol,  or  any  other  fluid,  mark  on  the  neck  its 
position,  and  then  apply  heat  to  the  hnlb.  As 
the  temperature  augments  the  liquid  rises  in  the 
neck,  showing  that  it  )ms  undergone  exgiansion. 
We  also  find  that  this  is  far  greater  than  with 
the  solid,  when  wc  were  obliged  to  resort  to  the 
OBc   of  delicate  meuna   of  meaaupcnient  to  de- 

tiuonstrate  that  there  was  nu  increase.  Now 
remove  the  flame,  contraction  begins  and,  witli 
return  of  the  original  temperature,  the  normal 
uze  is  gained. 

Gases  also  follow  this  law,  as  illustrated  by 
placing  a  flask,  B,  with  the  mouth  of  ila  neck 
under  water,  and  adjusting,  bo  that  the  level  of 
the  fluid  ia  half-way  up  the  stem,  and  the  rest  filled  with  air. 
Apply  a  fiame  to  the  bulb,  the  merest  touch  suiliccs  to  cause  an 
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instant  cxpansLon  of  tke  iiicluiied  air,  aod  if  n-e  are  not  cvefidl 
donio  of  it  will  escaiic  from  Iho  veaact.  With  return  to  iU  former'^ 
temperature  the  original  size  i»  gninod. 

All  forms  of  matter,  therefore,  soliil,  liijuid,  and  gas*  are  u- 
puniled  by  inorease  of  temperature,  and  eontraot  when  it  de- 
ureases.  For  the  three  forms  we  also  learn  that  for  eolids  tbt 
expansion  is  amull,  for  liquids  greater,  and  for  gases  the  grtalc«i 
of  all. 

658.  Expaaiion  amon^  SoUdK.^TiiWe  a  thiu  strip  of  irou.  A, 
and  a  t^iiniiur  onu  of  brass,  li,  about  thrue  feet  in  lung;ih,  aoif 
half  ail  inch  broad.  Rivet  them  firmly  together,  so  thnt  i' 
ordinary  temperatures  the  compound  bar  is  straight.     Fix  or 
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end  of  this  in  a  tnce,  and  allow  the  other  ti>  play  over  asSF 
If  heat  is  then  applied  to  its  under  side,  the  free  end  at  onw 
b^ns  to  travei-ac  the  scale.  Remove  the  heat  and  it  moves  in 
the  opposite  direction. 

From  this  wo  perceive  that  there  has  been  a  diftcronee  in  the 
rate  of  expflnsion  in  the  metals  by  the  application  of  heat,  as 
shown  by  the  curvature  jtrudueed  in  the  apjiaratuR.  The  metal 
which  expands  the  mot^tii?  that  on  the  outside  of  the  curve.  In 
this  experiment  it  is  the  brass.  When  the  original  temperature 
is  gaincit  the  bar  is  again  stmight,  hut  as  wo  pass  beyond  that 
to  a  lower,  cnrvature  in  the  opposite  direction  Cakes  place,  the 
metal  contracting,  tlio  most  being  on  tlie  inside,  and  wc  again 
Hnfi  it  is  the  brass. 

Brass  and  iron,  therefore,  have  very  different  rates  of  expan- 
Hiaii  for  the  same  elevation  of  tempemtiire,  and  it  may  be  said 
that  no  two  solids  expand  exactly  the  same  for  a  given  riae 
temperature. 

CoeffieitHUof  tintar  txpantion  ^  M^irfi  htXvittn  ^  luut  lOO'  C. 

Pino.  O.00O00800O  Tin,  O.O0W2179O 

MnrMo,  OOOOOOM90  l^nd,  0,000038676 

C««i  iron.  OOCHWnSiiO  Zinc.  0  n0001'fl41T 

Coppomrid  bras*,  0  000017182  Sul|>liiir,  O0iiO0K41^O 

Silver,  O.OOOOIWJ?  Parafllnu.  0.000-278&1O 

Tlie  coefficient  of  linear  expansion  is  the  elongation  of 
unit  of  length  when  the  temperature  rises  from  O*'  to  I''  C. 

The  coefficient  of  snrfnee  expansion  multiplied  by  three  gives 
that  of  cubical  expansion. 
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rumoroiiB  inatnnoM  of  this  nrc  seen  on  all  niulee.  Telegraph 
wires  Bway  lower  as  the  tompentture  rises.  SteAtn  pipes  iti 
hoii8«ti  must  be  arranf^ed  to  allow  play  Jbr  tlicir  expansion,  or 
ihey  quickly  got  out  of  order  and  lealc.  In  the  Brooklyn  bridge 
the  vertical  movement  in  the  centre  owing  to  variations  in  tem- 
perature aniouTils  to  several  feet. 

Sometimes  this  expanaion  and  contraction  of  rods  of  metal  it 
employed  to  bring  too  walls  of  buildings  out  of  phiiiib  into  a 
straight  line.  A  scries  of  rods  arc  passed  through  the  walls, 
each  having  a  screw  head  at  one  end.  Alternate  ones  are  then 
heated  by  spirit  flames,  they  ex|)and,  tlie  screws  arc  brought  up 
tight,  and  they  coo].  Their  contraction  drawji  the  walls  up  a 
little.  The  other  set  is  then  heated  and  tlic  elack  taken  up; 
as  thcj- cool  they  bring  the  walls  a  liitle  more  togetlier  This 
is  continued  until  they  are  brought  to  the  vertical  and  properly 
«ecured. 

Where  a  substance  is  a  poor  conductor,  a^  glass,  heat  does 
Tiot  pernieatu  quickly  if  it  \»  thick.     By  the  unequal  expansion 
which  follows,  fracture  lakes  place  from  the 
strain  put  upon  the  molecules.     At  the  same  ^"o-  sao. 

time  it  it  is  very  thin,  as  in  &a»k»  and  retorts,  a  w 

and  properly  annealed,  they  will  bear  contact 
of  the  hottest  Bunsen  flames  while  filled  with 

cold  water. 

I 

I  659.  Expansioa  among  Liquids. — In  liquids 
great  difl'erences  in  e.tpansion  are  foinul. 
To  demonstrate  this  take  two  bulbs  with 
long  tubes  us  nearly  alike  us  possible  us  re- 
f ards  dinnietor  of  bulh  and  calibre  of  tube. 
Fill  one,  A,  with  alcohol,  and  the  other,  W, 
with  water  to  the  same  level,  and  immerse 
tliem  in  a  vessel,  V",  conliitning  water  at  ii 
tenipemture  of  140°  F.  Kxpati«ion  will  ini- 
mediately   begin,  but    the   former   will    rise  — -** 

more   rapidly  than    the    latter  and  attain  a  ,,  ,„, 

conaidcmbly  higher  level.     As  they  cool  the 
alcohol  will  contract  more  rapidly,  until  original  temperature 
Jind  size  are  gained,  and  they  stand  at  the  same  level. 

Liquids,  therefore,  expand  ditlerently,  their  rates  being  as 
follows : 

Cbejficitiit  of  fTj>am/o;i  of  tiguiitt  hrlvrtn  I*  tinii  100"  C. 
Stfltcury  .        .    aOlMa  Xitrlc  acid  .Oil 


"Wawf 

Sulphuric  acid 
Bttitr 


0.0106 

0.0U 

0.06 


Alcohol  ....  0.110 
Bin'ilptiMeor  carbQD  .  0.IS6 
Cblorofonn  .0.157 
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660.  Maximum.  Density. — Water  and  eortain  other  fluids  do  ni't 
expand  iiriiformlv,  liul  as  tlity  ap^iroaeli  their  boiling  and  aoliili. 
t'yme  points  begin  lo  move  in  an  irregular  manner.  EipeciftHv 
\a  thi6  thu  caae  witli  water.  It"  we  begin  to  murk  it*  Dianner  of 
contraction  at  60°  P.  or  thereabouts,  we  find  iliat  as  the  teni- 
peruturc  diminiahes  it  contracts  in  a  uniform  and  orderl  v  maniitrr 
tor  each  degree  ot'dcBcent  until  it  reaL'he8  4n'^,  tbcu  irrogularitits 
appear.  When  4"  Cent,  or  39°  F.  is  reached,  contraction  cease*. 
uxpaiiHion  sets  in  and  continues  tu  the  t'rccp.ing  iKiiiit.  At  4^  C 
or  39°  F.  water  is  in  its  most  compact  or  connensed  condiriofi, 
whether  heated  or  cooled  it  expauda.  It  i«,  therefore,  aiud  to 
be  in  t)ie  .state  of  maxiniuin  density. 

Other  fluids  which  have  thie  property  are  caat-iron,  and  pre- 
eminently, type  metal.  It  is  this  which  enables  the  latter  alloy 
to  copy  the  niie  linee  of  a  mould  so  accurately.  Sulphur  also 
expands  as  its  point  of  soliditication  is  approached,  and  cao, 
therefore,  bo  uicd  in  the  preparation  of  casts  of  medals. 

661.  Expansion  of  Oases. — While  the  rates  of  expansion  for 
solids  and  liquidn  show  great  variation  among  themseWes,  it 
IB  very  ditrercnt  with  ga«e«.  Here  the  great  tenuity  of  tk 
suljetancefl  brings  them  nearer  in  relation  to  each  other,  aed 
but  slight  variations  are  ])erceptible.  Indeed,  in  an  ordinan 
course  of  experimentation  they  are  not  Wsible,  and  require  gr«tt 
care  and  exact  means  of  measurement  for  their  deterniinutioiL^ 
We,  therefore,  say  that  ftir  gases  the  rate  of  expansion  \b  yvT^\ 
nearly  the  surae,  being  about  j^  of  their  volume  at  82°  F.  for 
every  degree  F.  of  temperature  aoove  chat  point. 


Ot^tient  of  txpannon  of  gaaes  bet\ct«n  1°  and  \W  C.,/or  a  tingU  AtgrH, 

Air     .  0,OOS«fi7  Xilrom  oxide    .        .     0.008719 

Hydrogen  .         U00i)66t  CvMti<>g«n  .  .     O.OD8ST7 

Carbun  dlusicle  O.OO8730  Sulphunitui  scM         .    O.OOS' 

A  practical  application  of  the  expausiou  of  air  is  made  in  th« 
Kricsscm  enj^ne.  In  this  arrangement  a  smalt  quantity  is  forced 
into  a  tire,  where  it  maintains  the  combustion.  In  its  expanded 
eondition,  ua  product  of  oxidation,  it  is  employed  to  work  s 
piston  in  a  cylinder  and  produce  motion. 

662.  Winds. — By  the  action  of  heat  great  waves  of  air.  called 
windg.  nre  initiated  in  the  atmosphere.  In  their  formation  a 
portion  of  the  earth  is  heated.  The  air  expands  and  an  upward 
movement  is  produced.  Under  these  oircuinBtanees  the  sur- 
rounding air  flovvH  into  the  vacant  space  and  a  wind  is  cstal 
lielied.  It  is  clear  that  it  takes  its  origin  in,  and  blows  towar 
the  place  where  the  u])ward  current  originated.  It  would, 
therefore,  be  proper  in  the  case  of  a  wind  to  speak  of  it  in. 
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rence  to  the  point  to  which  it  is  tending,  and  not  to  that 
from  which  it  is  coming. 

Their  character  is  best  Been  on  ocean  islands.  During  the 
day,  irom  eight  in  the  morning  to  three  in  the  at\ernooD  the 
laud  16  waniiur  than  the  eea,  and  the  wind  aats  from  the  latter, 
it  tlicn  die»  away,  and  at  sunset  springs  up  from  the  opposite 
direction,  eiving  a  sea  breeze  b_T  day  and  a  land  breeze  by  night. 

In  Oie  Indian  Ocean  the  monsoons,  which  are  semi-atinnal 
alternations,  aieprofluced  in  a  similar  manner.    The  ti-ade  winds 

hich  blow  contmuously  in  the  same  direction  on  each  side  of 

e  equator,  result  from  the  ascensional  property  and  from  the 
«artli*0  rotation.  Between  them  there  is  a  zone  6°  or  f)°  wide, 
where  calms  and  variable  winds  prevail. 

While  at  the  surface  of  the  earth  the  wind  is  setting  towards 
the  equator,  in  the  upper  regions  it  is  moving  towards  the  poles. 
Al  the  Ibrmer,  rotation  of  the  earth  causes  tne  air  to  drag.  In 
the  latter,  it  is  moving  more  rapidly  than  the  earth  as  it  tends 
towards  polar  regions.  Thus  easting  and  westing  are  gi%'en  to 
what  would  be  north  and  ^oiith  currents  if  the  earth  was  at  rest. 
In  thu  nortbern  hemisphere  the  movement  \&  towards  the  right 
of  a  person  travelling  with  the  wind  ;  in  the  southern,  towards 
the  let>. 

A  west  wind  has  an  excess  of  centrifugal  force  which  tends 
to  carry  it  towards  the  equator.  An  cast  wind  has  a  tondcnCT 
towards  the  pules.  In  the  northern  hemisphere  the  deviation  la 
to  the  right,  in  the  southern  to  the  left.  If  in  the  former, 
jtlierc  is  a  sudden  diminution  ol  pressure  over  a  considerable 
area,  the  surrounding  air  moves  toward  it.  The  converging 
streams  before  they  meet  arc  deviated  to  the  right,  and  thus 
cause  an  eddy  or  cyclone. 

Ineiruments  called  anrmameters  are  used  for  the  measurement 
of  the  velocity  of  winds.  Thev  are  four  hollow  half  henu- 
sphcros  sot  at  the  extremities  ol  two  diameters  of  a  circle  and 
mounted  on  an  axi^i.  The  wind  causes  The  apparatus  to  rotate, 
when  its  rate  is  meaiiured  by  clockwork  attached  to  the  axis. 
In  this  instrumeni  the  centre  of  eacli  cup  moves  with  a  rapidity 
one*third  that  of  the  wind.  The  velocity  of  the  cup,  theretbre, 
being  known,  that  of  the  wind  is  easily  estimated. 

663.  Effect  on  Heaaores  of  Time  and  ftnantity. — The  measure- 
ineut  of  time  \^  accomplislied  by  the  beat  of  a  pendulum  in  a 
clock,  or  the  osucilbitions  of  a  balance  wheel  in  a  watch.  For 
these  to  beat  true  time  the  length  of  the  pendulum  rod,  or 
diameter  of  the  balance  wheel,  must  be  invariable.  With  ordi- 
nary clocks  and  watches  no  eare  i^  Uikcn,  but  in  finer  instru- 
ments it  is  uecomplished  by  the  following  devices. 

1st.  The  gridiron  pendulum,  Fig.  291,  S4>  called  because  it 
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conaiets  of  nine  parallel  rodi;,  whicli  give  it  a  fanctcd  rvtvtO' 
blancc  to  tliut  iU>tiiu»tiu  itiipluiiii'iil.    Fourof  tlieaeareci>{>{>C'r.  (.', 


Ftg.  291. 


Fia.  29S. 


^'s 
4 


OomtmamUaa  Mrtpt. 


OltflMll  fMDdo- 

kn. 


Fm  SBS. 


and  five  iron,  F.     They  are  ar- 

ran^fed  to  have  the  latter  expand 

downwards  from  an  upper  iixed 

support,  wliile  the  former  expand 

upwards  from  a  lower  one.    The 

centre  of  oscillatioa  is  thus  kept 

at  the  same  distance  from   that 

of  eu:«pen8ion,«Dd  t]ie  pendulum 

heate  uniformly. 
2d.  Compensation  Btripa,  Fig. 
292,  consist  of  a  compound  bar  of  brajti;  and 
iron,  1,  fitted  at  right  angles  to  the  rod  of  the 
pendulum  near  the  bob,  and  bearing  email 
spheres  at  their  extreniitieti.  The  size  of  these 
and  the  lenfftb  of  rod  are  properly  proportioned 
to  that  of  the  bob.  The  brass  of  the  compen- 
aation  bar  being  placed  downwards,  when  the 
temperature  rises  tlie  balls  at  its  e.xtremities  are 
raised,  an  at  2,  while  the  bob  of  the  pendulum 
is   lowered.      On    eooling,   tlie    revcnw   takes 

Elace,  as  at  3.     The  centre  of  oscillation  is  thus 
ept  invariable  and  the  pendulum  beats  true 
time. 

•Sd.  Mercurial  pendulum.  In  this  the  bob  is 
a  jar  or  Jara  of  mercury,  fitted  in  a  stirrup  at 
the  end  of  the  pendulum  rod.  Fig.  293.  As 
the  latter  expands  and  tends  to  lower  the  centre 
of  oscillation,  the  mercury'  by  its  expansion  in 
the  opposite  direction  raises  it,  and  toe  balance 
ia  preserved. 

4th.  Compound  balance  wheel.    The circum-      •§„  mij^  ,un 
ierence  of  the  balance  wheel  of  the  watch  is  di- 
vided into  two  semi-circumferences,  both  compound  bars.     One 
end  of  each  is  fitted  to  a  diameter  of  the  wheel,  the  other  is  free. 
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U  beara  a  weight  poiieieting  of  screws.  As  tbo  temperature 
vnries  the  position  of  tho  screw  heads  cKanffes,  making  the-  centre 
of  oficillatiDii  of  the  whuel  inviLrmble,  unuit  bouts  true  time. 

All  nteae>iire8  of  (jiiiiEitity  arc  subject  to  vanations  in  their 
dimeusions  as  their  temperature  changes.  1*0  obviate  this,  that 
at  which  it  is  taken  should  ulways  be  gircn.  Knglitfh  nienaiireB, 
particuiarlv  those  of  cajiiiLity,  are  geia-rally  graduated  either  at 
60"  or  02*  F.,  the  averogo  heat  at  which  tliC}  are  employed. 
The  he?t  method  is  to  make  the  scale  at  ttiia  standan);  it  maj 
be  taken  at  any  degree,  and  the  proper  correction  for  change 
in  volume  of  the  vessel  and  the  fluid  or  gaa  made. 


CHAPTER  XXX. 

UBASCREMKNT  OF  BEAT. 

Sanct'Triv'athQrmoinetvr— Ditr«r9nti4illlienn(inii>t«r~Ll4iutd  tli«n»oii)GU)T« — C*IU 
boring  tb«  tub« — Prvparint;  vntl  lllling — Ginduiition  ufdm  ihormoinvtar — Tlie 
■M]e — Medidtl  tbemiouiBten — Kccistering  tb«nDomot«r— Displooenient  of 
xen  —  Akiolule  t*ro  —  Remarkable  tcmp«ralurr« — Pyrometer*  —  I)regu«l'i 
tb«rnKimeIi>r — What  th«rtnt>m««r*  ineaiurA 

864.  Sanctorio's  Thermometer. — Expand  a  bulb,  A,  on  the  end 
of  a  lube,  \>hu-i-  ibo  hutorwiih  its  mouth  permanently  under  the 
surface  of  colored  liquitl,  B.     Expand  the  air  in  the 
former  by  heat  and  ex]>el  a  portion  of  it  thiMUgh        fiu  2M. 
the  fluid.     When  the  bulb  cnols  the  fluid  will  rise 
in  the  tube,  and  form  an  air  or  Sanutorio's  thcr-         C^^ 
niometer.     The  slightest  breath  of  warm  air  causes 
the  index  liquid  to  move  downward,  the  least  appli- 
cation of  cohl  produces  action  in  the  opposite  direc- 
tion.    It  isaniottt  delicate  thermometer.     Thcdifli* 
cuUy  with  it  is,  that  it  also  indicates  the  slightest 
variation  in  iiressiiru. 

Place  the  instrument  under  an  air-pump  bell  and 
pi-oceed  to  exiiaust,  the  least  action  of  the  pump  jtro- 
duces  movement  in  the  liquid,  and  to  a  far  greater 
extent  than  that  caused  by  heat. 

The  sudden  elevation  and  depression  of  the  ap- 
Tvaratns  will  also  cause  considerable  change  in  the 
index  fluid.     In  its  oriu^iual  and  simple  form  the  air  thenuom- 
eter  is  not  reliable  aa  a  neat  measurer. 
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685.  Differential  Thermometer. — Tnke  two  bulbs.  A  B.andbiV'' 
iDg  introduced  stuiiie  liquid  iiilo  o\m,  c-uiiient  tLmn  togetlier  iui(t| 

b«iid  tbe  tuhti  iwico  at  rik^bt  an^ei, 
to  bring    ihe    bolb^   opjjo«ite  eacfaj 
other,    Fig.   295.     Now  blauk«n  BJ 
and    we    nave   a   differential    tb«M 
mometer,  or    one  which    mcasureaj 
the  difforeiiccs   in    ienif»en«iirc  be-' 
twtoii  its*  bulbs.    Tbeeligbte«t  brenth, 
of  wnrni  nir  on  B  causes  the  irtilt; 
fluid  to  piiw  nway  from  it  towanhi  A^ 
A  little  cold  water  upplied  to  B  pr 
duces  ruovciueiit  in  the  opposite  di*1 
rection.    Place  the  instrument  utideri 
uu  air-pump  bell, and  thclirjuidindcl 
is  not  atil'ctcd  by  the  most  coinpleb 
exhaustion.    Though  limited  to  d( 
termination    of  din'erences    in 
tcmperalorea  of  its  bulb^,  it  is  mfl 
etutir^lkotory  and  reliable  when  it  can 
be  employed. 


UlirEniDliiii  Uiunouincttf . 


666.  Liquid  Thermometers. — Practically,  these  are  confined 
mercury  and  alcohol.  The  great  advantage  in  the  former 
that  it  moves  in  a  cleanly  way  in  the  tube,  does  not  adhere 
or  soil  it.  and  gives  very  accurate  indications.  Its  liigh  boiling 
point,  and  low  temperature  required  for  solidification  (a  rang* 
from  about  660'=^  F.  to  nearly  — 40"  F.),  and  its  rapid  movemei 
fit  it  admirably  for  thia  purpose. 

Whore  temperatures  lower  than  — 40°  F.  are  to  bo  meaaur 
colored  alcohol  is  employed.  This  boils  at  about  176°  F., 
does  not  solidify  until  — 220°  F.  is  reached;  even  at  this  point 
it  cau  hardlv  be  called  solid.  It  Miits  or  wets  the  wall  of  the 
tube;  therefore,  iM>nstderahIe  time  should  be  (permitted  for  it  to 
gain  its  true  level  when  it  has  fallen,  before  an  exact  reading 
cau  be  made. 


i 


667.  Calibering  the  Tube. — By  tbit<  we  understand  that  all  parte 
of  tlie  tube  are  to  he  proved  to  hiive  tbe  same  diameter.     Fi  ~ 
an  alcoholic  thermometer  the  bore  must  be  circular,  for 
mercurial  it  may  be  either  cireulnr  or  eltiplical.     The  adv 
tagea  of  the  latter  are  that  a  very  small  quantity  of  mercury  m«| 
be  made  to  give  degrees  of  coneiderable  size  in  a  bore  the  iliam- 
etcr  of  which  in  one  direction   may  be  six  to  ten  times  that  of 
the  diameter  at  right  angles  to  it. 

Having  Hulccted  the  tube,  it  is  calibered  by  placing  in  it  a 
column  of  mercury  one  inch  in  length,  the  measurement  bei 
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Tnade  by  a  pair  of  compaftse*.     The  column  is  then  traversed  to 

^notlicr  position,  tmd  its  length  measured.    In  this  way  all  parta 

Brc  examined,  and  if  the  mercury  is  of  the  same  dimensions 

tljrougliout,  the  caliber  is  Quiform,  and  it  will  answer.    If,  on 

the  contrary,  it  varies  ever  so  Httlo,  it  is  useless. 

f  668.  Preparing  and  Filling. — The  tube  18  drawn  off  in  the  blow- 
pipe Hame,  and  the  extremity  closed.  It  is  also  elongated  at 
the  other  end  to  n  suitable  length.  The  sealed  portion  is  then 
heated  in  the  blowpipe  Hame  and  air  quickly  foreed  iu  through 
the  open  end.  After  two  or  three  trials  a  uniform  bulb  is  ex- 
panded, and  the  apparatus  being  allowed  to  cool,  is  ready  for 
the  liquid. 

The  bulb  being  gently'  warmed,  to  expand  the  air  coQtained 
therein,  the  open  end  is  quieklv  placet!  under  the  surface  of 
fluid.     As  it  cooU  the  latter  gradually  risej?,  and  a  small  quan- 
tity gains  access  to  the  liulb.     This  \»  heated  until  it  boiU,  and 
blie   liutb  and   tube  lire  filled  with  vHpor.     The  mouth  is  then 
ngaiu  immersed  in  the  li<juid,  whon  as  the  vapor  condenses  tbe 
fluid  riHea,  filling  the  tube  and  bulh.    This  proceas  may  im  facili- 
l^ted  by  expanding  a  ^mall  fimnel  in  the  top  of  tho  former  and 
lllling  it  with  clean  dry  mercury.     It  may  then  be  kept  in  the 
vertical  position  thrntigbout  the  operation. 

The  extremity  is  now  to  be  closed.  To  accomplish  this  the 
balb  is  heated,  the  fluid  cxjiundti  and  escapcH  from  the  open 
end;  when  the  boiling  point  is  nearly  Httiiiiiud  the  lamp  is 
removed,  a  blowpipe  flame  directed  on  the  pointed  end,  and 
the  gloBB  fused,  (/omnmnication  with  the  external  air  is  thuB 
destroyed.  The  instrument  Hhould  then  he  put  aside  for  some 
mnnthfl  before  the  si-ale  is  adapted,  since  a  certain  amount  of 
abrinkagc  of  t)tc  bulb  is  apt  to  occur. 

1669.  Graduation  of  the  Thermometer. — There  are  two  fixed 
ointa  on  all  thermomctric  scales.  The  lower  is  the  melting 
of  ice,  tlie  upper  the  boiling  of  water.  It  will  not  answer  to 
make  the  former  the  freezing  of  water,  for  this  is  a  variable 
point,  and,  therefore,  unreliable.     It  is  determined  by  tying  a 

kUiread  around  the  tube,  and  tlieii  jilacin^  the  entire  instrument 
lb  a  tall  jar  filled  with  cracked  icc  and  water;  the  thread  ia 
A-om  time  to  time  adjusted  as  the  liquid  falls,  and  when  (he  final 
a<yuHtmetil  is  atrained,  a  delie^tte  mark  is  made  with  a  triangular 
file  or  diamond.  The  higher  point  is  then  fixed  by  placing 
another  thread  around  tho  tube  and  immersing  it  in  a  Hutik  halt' 
full  of  water,  until  it  nearly  touches  the  fluid.  The  mouth 
^ould  be  lightly  closed  with  a  plug  of  cotton.  When  the  water 
boiling  strongly,  and  the  flask  tilled  witli  clear  steam,  the 
iread  around  the  tube  is  adjusted,  and  a  murk  permanently 
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mode  ae  tlie  higher  fixed  polut.  Tho  barometer  sliouli]  indicate 
760  millimeters.  A  ditierence  of  27  milliraetere  in  preaaure 
would  make  a  variatiou  of  one  degree  in  graduation. 

670.  The  Scale. — Of  tlieae  there  arc  three,  Fahrenheit,  Centi. 
grade  or  Celsius,  nnd  Kt-aumur's.  Eaiih  possBBtes  certain  ad- 
vantages. In  the  lir«t  the  degrees  are  ^mall,  there  being  180 
between  the  two  fixed  points.  The  lower  is  32*,  and  there  is  i 
couRiderable  niareh  beyond  this  bctbre  zero  is  reached,  and  Ibe 
uw?  of  minus  ( — )  quantities  becomes  neceesary.  The  Celsios 
on  the  contrary,  has  large  degrees,  nearly  twice  the  size  of  the 
former,  nnd  fractions  are  orteii  necessary  in  expressing  ordinary 
temperatures.  The  nso  of  the  —  sign  as  soon  as  the  freesing 
point  w  pa8«ed  oi\on  leads  to  error  by  its  omiaainn.  Tho  division 
lit  more  jjcientific,  however,  and  of  the  centesimal  character 
towards  which  all  modern  >nelhod»  of  measurement  tend.  Yel 
it  docB  not  ajipear  to  force  its  way  with  English-epeakiiig  people, 
and  it  will  doubtless  l>e  some  time  before  our  thernioraetric 
rcadinga  are  given  iu  this  mrale.  Tho  third,  or  Kcaumur's,  bw 
SO  degrees  between  the  two  Hsed  points.  It  presents  all  the 
disadvantages  of  the  Centigrade^  and  none  of  its  advantagea. 

In  adaptmg  tho  scale  to  the  thormomcier,  if  tho  Faiir<.-uheit  » 
used,  the  space  between  the  two  fixed  points  is  divided  into  18^1*. 
To  the  lower  the  value  32°  it)  given,  lo  the  upper  lil'i'^,  and  the 
graduation  is  extended  above  and  below.  In  the  Centigrade,  0" 
is  given  lo  the  lower,  and  100*  to  the  upper;  in  the  Reaumur,  0" 
to  the  lower,  and  80°  to  the  upper. 

The  best  plan  is  to  mark  the  scale  directly  on  the  tube,  cither 
with  a  diamond  or  by  etching  with  bydrolluoric  acid.  Other 
methods  are,  however,  emjdoyL'd,  ivory,  bone,  paper,  metal,  all 
bear  (be  graduation  in  comnion  instrumeutd,  and  answer  verr 
well. 

For  conversion  of  Fahrenheit  into  Centigrade  the  formula 

^•>i^  +  82°  F.    P'or  the  opposite.  C-  -  ^'  '~-^?-^. 
0  " 

A  simple  and  rapid  formula  for  conversion  of  C.  into  F.  ia: 
Double  the  degree  Centigrade  given,  subtract  ^^th  of  the 
product,  and  add  32*^. 

In  alcoholic  thermometers  the  lower  fixed  point  is  deter- 
mined as  stated.  The  upper,  by  comparison  with  a  good  mer- 
curial thermometer. 


i8:F.  =  V^ 


671.  KedicaL  Thermometera. — The  recent  domandtt  of  medicine 
have  caused  the  construction  of  thermometers  in  which  fractiooB 
of  a  degree  can  be  etttsily  indicated  in  the  vicinity  of  94°  F.,  and 
the  column  of  mercury  ArW  at  the  point  to  which  it  has  risen. 
In  these  the  bulb  is  made  cylindrical.  A,  and  the  lower  part  oi 
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the  tube  contracted,  B.     The  movement  of  the  fluid  past  this 
when  expanding  is  not  iuterfei-ed  with,  but  when  contraction 
begins,  the  coUinin  breaks,  and  the  tlierniomctor  in- 
dicates the  higliest  temperature  it  has  reached.   When      Pio-  2W. 
thu  iiistruiueut  is  used  again  the  broken  column  it^  ^ 

united  hy  a  slinging  motion  of  the  hand,  bringing 
centrifugal  force  into  play.  The  movement  is  re- 
peated two  or  three  times,  until  the  purpose  is  attained. 
For  accuracy,  such  thermometers  should  be  retained 
in  their  {Ktsittou  for  three  to  five  minutes,  to  allow 
the  raercnry  time  to  gain  ila  true  place. 

These,  aud  othens  which  ucconipany  uriDometers. 
are  often  gniduated  only  to  120"^,  or  thereabouts. 
Care  mast  be  taken  not  to  immerse  them  in  liquids 
of  a  higher  temperature,  or  they  will  be  destroyed. 


e 
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072.  R«gUtering  Theratoinet«r«. — These  are  used  for 
nieteorologi(!al  purposes.  They  are  known  as  maxi- 
mum and  minimum  thcnnomotors.  They  consist  of 
two,  a  mercurial  for  high,  ami  an  alcoholie  for  low 
temperatures.  The  column  of  mercury  in  the  first 
may  be  broken  br  the  preceding  device  of  a  capillary 
tube,  as  in  the  iJegretli,  or  it  may  push  a  delicate 
index  before  it  which  it  leaves  nt  the  highest  it  reaches,  thus 
registering  the  u|>per  temperature.  The  uleohoHc  iiiHtrument 
carries  an  index  ui  the  fluid,  Wlien  expansion  takes  place  the 
latter  passes  the  former,  but  in  the  opposite  movement  the  for- 
mer is  drawn  by  the  latter  and  retnains  where  it  is  carried,  the 
fluid  passing  it  when  it  again  expands,  thus  the  low  temperature 
is  marker].  The  index  usually  contains  a  piece  of  iron  wire, 
aad  can  he  adjusted  hy  a  small  magnet  accompanying  the  in- 
etruments. 

673.  Displacement  of  the  Zero. — Tliermometers  used  for  a  long 
time  often  show  a  change  in  position  of  the  zero.  In  describing 
their  construction,  it  was  .slated,  that  as  perfect  a  vacuum  as 
possible  is  made  over  the  finid  to  prevent  mtroduction  of  dust, 
loss  by  evaporation,  and  to  allow  the  column  to  be  broken  when 
desired.  It,  thcretbro,  follows  that  they  must  hear  the  full 
pressure  of  air,  viz.,  15  pounds  on  every  square  inch,  Under 
this  the  delicate  film  of  glass  forming  the  bulb  vields,  and  after 
a  time  a  change  of  two  or  more  degrees  will  be  found  in  the 
position  of  zero.  Allowance  must  be  made  for  this  in  all 
readings. 

673  A.  Absolate  Zero. — Air  expands  ^^  of  its  volume  for  every 
degree  F.  we  giv<^  it  above  48*  K,,  or  yf^  for  every  degree  0. 


666  HEAT. 

above  0°  C.  It,  therefore,  follows  that  the  lowest  temperature 
we  could  express  by  an  air  thermometer  would  be  — 459"  F.  or 
— 273''C.  These  values  are  called  the  absolute  zeros,  and  tem- 
peratures estimated  from  them  are  called  absolute. 

674.  Remarkable  Temperatares. — The  following  are  taken  from 
Ganot's  "Physics."    They  are  in  Centigrade  values. 

GreiLtest  artificial  cold  produced  b^  a  bath  nf  bUulpbide  of 

carboD  and  liquid  nitrous  acid — 140° 

Oreateat  culd  produced  by  ether  and  liquid  carbonic  acid     ,  — 110° 

Greatest  natural  cold  recorded  in  Arctic  expeditions  — 58  7° 

Mercury  freezes — 851.4'' 

Mixture  of  snow  and  salt — 20° 

Ice  melts 0° 

Greatest  density  of  water -{-4' 

Mean  temperature  of  London 6.9° 

Blood  heat '       .        .         .  86.6° 

"VVaier  boils 100° 

Mercury  boils 850° 

Sulphur  boils 440° 

Red  heat  (just  visible)  (Daniell) 52A° 

Silver  raelts                         " 1000° 

Zinc  boils                             " 1040° 

Cast-iron  melts.                   " 1680° 

Highest  heat  of  wind  furnace  (Daniell)      ....  1800° 

675.  Pyrometers. — The  first  of  these  was  the  invention  of 
Wedgewood,  the  porcelain  manufacturer.  It  consisted  of  two 
inclined  bars  fitted  firmly  into  a  base,  nearer  together  below 
than  above.  One  of  these  bore  a  scale.  Portions  of  porcelaio 
clay  were  moulded,  dried,  and  fitted  to  the  upper  or  widest 
division.  It  was  then  submitted  to  heat,  and  when  cool,  again 
placed  in  the  apparatus,  when  the  shrinkage  showed  the  tem- 
perature to  which  it  had  been  subjected  ;  thus  the  melting  point 
of  various  metals  was  determined.  It  was,  however,  found 
that  clay  acts  peculiarly  under  the  influence  of  heat,  a  low 
degree  applied  for  a  long  time  producing  as  much  shrinkage  as 
a  high  temperature  applied  for  a  brief  period;  time  is,  there- 
fore, an  important  element,  and  not  to  be  overlooked,  otherwise 
grave  errors  will  arise. 

Another  form  consists  of  a  rod  of  brass  or  steel,  its  expansion 
being  measured  by  means  of  multiplying  machinery  consisting 
of  levers  or  cogs  and  wheels.  All  these  are  of  little  or  no  value 
on  account  of  their  irregular  movements. 

676.  Breguet's  Thermometer  is,  in  fact,  a  compound  bur  consist- 
ing of  a.  slim  strip  of  platinum  soldered  to  one  of  silver,  and 
rolled  down  to  the  hundredtli  of  an  inch  in  thickness.  From 
this,  slips  about  ^Mi  of  an  ineli  wide  are  cut,  their  length  being 
10  or  20  inches.    One  is  wound  into  a  spiral  Ja.  B,  which  is  fixed 
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«t  one  entl.  A,  and  free  to  move  at  the  other.     Tho  latter  bears 
an  iiuiex,  B,  which  traverses  a  graduated  circle  hearing  (legreea 
eimilur  to  and  of  6<iual  value  with  the 
Centigrade  acnle.     This  form  is  exceed-  Fio.  3W7. 

ingly  delicate.  The  gentlest  breath  on 
the  spiral  suffifes  at  once  to  carry  the  in- 
dex to  the  temperature  of  the  exnired  air. 
It  loses  itH  heat  as  quicklr,  and  ruturne 
tolheori^nal  degree.  Ir  is  eurious  that 
the  Breguet  has  not  been  adopted  in 
medical  practice, when  It  is  so  adniiiably 
fitted  to  yield  the  indications  sought  by 
the  physician. 

fi77.  What  Thermometen  Meaiare.— tf 
we  take  a  series  of  vessels  of  increasing 
size  and  fill  them  with  water  from  tho 
same  source,  and  then  place  a  thennome- 
tar  in  each  in  succession,  it  marks  the  Bamo  degree.  Yet  we 
know  that  the  largest  ves-tol  ooniains  as  much  more  heat  than 
llie  sujallesl,  as  its  si/.e  is  greater.  From  this  we  [vorccivc  that 
the  thermometer  does  not  meiisure  the  quanlity  of  heat  in  a  given 
nuua.  It  merely  indiiatfs  tfte  femperalure  inlcnsitif  or  the  degree  of 
heat.     The  quantity  is  to  be  ileterniincd  in  other  ways. 
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SPECIFIC  HEAT  AND  HEAT  OK  FORM. 


Hrnit  nqainid  tu  wsnn  a  «iibatanc»^T)iv  onlori  mi*l«r— DetorminnUan  of  ipccifle 
iiMt — C«l(m«  mad  tbfrtnul  un5l — Fu«tori  «nd  solidiflcntion — VsrioUou  in 
fuiivn  nnd  attlidiflcalioTi — Change  «f  volume  in  fusing — Annmling — I^nivnt 
)iMl— lAtent  bMt  and  climate — Freeslng  tnixtiirw — Oryitnlliuilon. 

678.  Heat  Required  to  Warm  a  Subitaace. — If  wc  take  equal 
volumes  of  mercury  and  water  and  place  them  in  I'ront  of  a  tire, 
the  temperature  of  llie  former  rises  much  more  rapidly  tlian  that 
of  the  latter.  l(  we  use  the  same  weights  of  the  two  substances 
the  diticrence  is  far  more  striking.  From  this  we  learh  that 
differnit  fnKlles  require  diffn-fut  qtwikfitUs  nf  hml  to  wann  them  tquaUy. 

In  folids  the  »ainu  thing  is  evident.  Take  bullets  of  sine  and 
lead,  and  warm  them  equally  by  exposure  to  boiling  water, 
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giving'  tbem  time  to  take  up  all  the  heat  they  will.    Tben  i) 
tbt!ii)  on  a  slab  of  wax,  about  half  an  inch  thick.    The  zinr  melti 
its  way  through  very  quickly.    The  lead  tbllows  at  a  considtraWe 
iutei'vul.     The  heat  hehl  by  tlie  foruicr  was  greater  thnii  tlist  of 
the  latter. 

To  this  the  uamo  of  Bpecific  heat,  or  capacity  for  heat,  i«  givco. 
Bif  it  tee  mfoii  (he  amount  of  heat  required  to  raise  the  teniperatuTt 
a  substance  one.  degree  cnmpared  m'th  that  required  to  raise  the 
panture  of  the  same  weight  of  water  one  degree. 

If,  theruture,  it  tt>  stilted  Lliut  the  sjtecilic  heat  nfleudis  0.0314° 
C.,it  means  that  the  quantity  which  would  raise  the  teu)|xrature 
of  fl  given  weight  of  lead  one  degree  C,  would  only  raise  tin  ~ 
of  tho  pumc  weight  ni'  wati-r  0.0314°  C.     In  all  laatances  I 
conipanson  is  witli  water. 

By  the  sudden  oonipressioii  of  a  gaf  the  spec!  fie-  heat  or  caU'ri 
diffused  throughout,  say   100  cubic  inches,  may   suddenly 
forced  into  one  cubic  incb.     The  temperature  will,  therefore,  be 
increased  one  hundred-tuld,  for  a  mere  instant  of  time. 
illustrnttoii  is  offered  by  the  fire-syringe,  in  which  the  piston 
armed  with  black  tinder;  the  lower  part  of  the  cylinder  \n  elm 
The  latter  being  tilled  with  air.  the  former  is  introduced 
suddenly  driven  to  tho  bottom,  the  heat  developed  by  comp 
Bion  of  the  air  i»  so  fi;reat  that  the  tinder  calchet^  tii-e,  and  s  fl 
of  light  is  seen.     Hero  we  have  a  beautiful  illustration  of  t 
conversion  of  work  into  beat.     The  force  applied  to  the  plel 
is  not  lost,  but  converted  into  heat.     If  we  instantly  release  the 
oompreeeion  before  this  has  had  time  to  be  conducted  away,)H 
disappears  in  the  expansion  of  the  gas  to  reach  it»  origitial  voH 
nme.     It  is  reconverted  into  work  represented  by  the  re«torfltion 
of  the  piston  to  its  original  position.  ^^ 

Three  methods  arc  used  for  the  determination  of  epeci^H 
heats:  lAt,  by  the  calorimeter  or  melting  of  ice;  2d,  by  mixtures; 
3d,  by  cooling. 

679.  The  Calorimeter,  in  its  simplest  form,  consista  of  a  block 
of  ice  with  a  cavity  hollowed  out  in  tho  interior,  the  month  of 
which  is  closed  by  a  slab  of  the  sanae  ma- 
terial accurately  titted.  Tho  tdyect  of  the 
experiment,  a  liquid,  is  placed  in  a  thin 
flask,  its  weight  accurately  determined, 
and  its  temperature  earefuify  noted.  The 
cavity  is  then  emptied  of  any  water  it  may 
contain,  the  tliisk  placed  therein,  and  the 
mouth  instantly  closed.  The  temperature 
of  tho  tlai^k  and  contents  at  once  begitis  to 
fall,  and  in  so  doing  melts  the  ice.  When 
the  process  is  completed  the  flask  is  removed  from  the  cavity, 
llio  water  produced  i>y  melting  is  carefully  measured  or  ■weighed; 
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lis  indicatCH  tlie  amount  of  heat  contained  in  the  suhetance 
undtr  cxamiiiatioi^.     Ry  a  simple  calculation  the  quantity  for 

hRch  degree,  K.  or  C,  itt  estiiiiuted. 

■  If  ^reiit  Hccuraeii'  is  re({uired,  u  correctiou  must  be  made  for 
the  gtasa  ot  the  fla«k  by  repeating  the  operattoa  with  it  alone. 
It  is  bIbo  better  to  use  a  epnnge  to  remove  the  Unid  from  the 
cavity,  weighing  it  before  and  al^er  the  operation,  the  diflerence 
in  weight  repix'sonls  the  nuaiitity  of  water. 

The  difficulty  in  ohtainmg  blocks  of  ice  of  sufficient  size  and 
comjiactness,  led  to  the  introduction  of  thu  calorimeter  of  La- 

€*t8ier,  in  which  ice  is  placed  in  a  vceaul  surrounded  by  a, jacket 
o  filled  with  ice.    The  exterior  layer  in  the  jacket  protected 
i  interior  from  the  action  of  air.     The  water  resulting  from 
the  exiiurinieiit  is  drawn  ofi"  by  fiiuceta. 

r  680.  Setermiaatiou  of  Specific  Heat. — A  given  weight  of  water 
is  Hr>4t  placed  in  a  Haitk  in  tlio  calorimeter,  its  temperature 
taken,  and  the  amount  of  fluid  it  produces  by  melting  carefully 
determined.  The  (puintity  for  each  ilegree  i«  c-ulculated.  An 
equal  weight  of  the  ftubstauce  to  be  exan^ned  is  then  placed  tn 
the  Hask,  its  temperature  taken,  and  the  (juantity  of  liijuid  it 
can  form  determined,  and  that  for  each  degree  estimated.  This 
is  compared  with  the  result  obtained  in  the  tii'st  experiment, 
when  a  simple  calculation  gives  the  spceific  heat  of  the  second 
body,  water  being  1. 

In  the  method  l>y  niixturee,  the  tetupcratureof  a  ciren  weight 
of  the  bo*ly  is  raist'd  to  a  certain  ])oiut,  it  is  then  immeree^rin 
a  niass  of  wotcr  of  known  weight  and  degree.  From  the  tem- 
perature of  the  water  after  mixture,  the  specific  heat  of  the  body 
18  calculated. 

The  method  by  cooling  eonsists  in  the  determination  of  the 
relative  times  required  by  given  weights  of  different  boilies  to 
cool  through  a  certatti  number  of  degrees. 

A  knowledge  of  specific  heat  is  of  considerable  inipnrlaiice 

do  the  determination  of  the  atomic  weights  of  elementary  bodies. 

681.  Calorie  and  Thermal  Unit  ete.— .4  mlon'e  is  Ike  quuniiiy 
i>f  heat  rfqftired  to  mhe  one  kilogrmnme  of  icatn'  through  one  degree 
Vaitigradt.  A  thn-mal  unit  is  (he  quantitif  of  /teat  reqidreti  to  raise 
one  pound  of  waler  through  one  degree  Centigrade. 

One  calorie  =  2.2  thermal  units.     One  thermal  unit  =  0.4o  calorie. 

The  other  heat  units  employed  are  the  gramme-degree,  or  the 

quontity  ofcahrie  required  to  raise  one  gramme  of  xoater  one  degree  C. 

L    The  poutid-tlrgree,  the  caloric  required  to  raise  one  pound  acoirtiupois 

wif  watei'  one.  degree  F.  or  C. 

The  fool-degree,  the  caloric  required  to  raise  me  cufw  foot  of  ipater 
degree  F.  or  C. 
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682.  Fusion  and  Solidification. — The  first  effect  of  heat  on  a 
solid  is  to  cause  expansion,  this  continues  for  a  certain  time, 
when  the  body  liquefies ;  to  this  the  name  of  fusion  is  given. 
The  laws  arc  as  foUowe. 

Ist  Law.  A  given  solid  begins  to  melt  with  few  eKceplions, 
easily  explained,  at  a  fixed  temperature.  This  is  called  its 
point  of  fusion.  It  is  a  specific  character  of  the  substance. 
The  range  for  solids  is  very  great,  as  shown  in  the  following 
table : 


CeDtlgiule. 

Centigndt. 

Carbonic  acid    . 

.  —78" 

Tin 

.       228° 

Mercury     . 

.  —40° 

Lead 

382» 

let     .        .         . 

0° 

Silver     . 

.     1000» 

PhoEphorus 

442'> 

Oold 

.     1200° 

Wax  . 

64° 

Iron 

.     Io00» 

Sulphur 

.     IIS" 

Platinum 

.     2000» 

2d  Law.  During  fusion  the  temperature  of  a  body  remains 
fixed,  that  of  the  fluid  rises  in  spite  of  the  most  active  stirring. 

Solidification.  When  a  liquid  is  cooled  it  contracts  and 
finally  assumes  the  solid  state,  under  the  law  that  a  liquid  begins 
to  solidify  at  the  same  degree  at  which  the  solid  begins  to  melt 
In  other  words,  the  solidification  and  the  fusion  point  are,  as  a 
rule,  the  same. 

683.  Variation  in  Fusion  and  Solidification  Points. — If  water  is 
kept  perfectly  still  the  temperature  may  be  carried  considerablv 
below  32°  F.  witliout  the  assumption  of  the  solid  state,  audit 
may  be  lowered  to  0°  F.  It'  it  is  then  touched,  or  the  slightest 
agitation  eotnnuiiiicated  to  it,  a  portion  instantly  solidifies  and 
the  temperature  rises  to  32°  F.  Though  it  may  be  cooled  belnw 
32°  F.  without  freezing,  by  no  device  can  ice  be  warmed  above 
that  degree  without  melting.  Melting  of  ice  is,  tlierefore,  taken 
as  tlie  lower  fixed  point  on  the  thertnometric  scale. 

Under  gi-eat  pressures  water  retains  its  fluidity  below  32°  F. 
Broken  ice  may  be  compressed  into  lenticular,  cylindrical,  and 
other  forniH.  Tliis  is  what  is  known  as  regelation,  a  term  intro- 
duced liy  Tyiidall  in  explanation  of  the  plastic  nature  of  ice  in 
glaciers. 

684.  Change  of  Volume  in  Fusing. — When  a  substance  enters 
into  fusion  there  is  generally  a  rapid  expansion.  In  a  few  in- 
stances, however,  the  reverse  happens.  Of  all  bodies  the  most 
notable  exeeption  is  water:  in  the  act  of  fusion  it  shrinks  greatly, 
losing  no  less  than  one-ninth  ot  its  volume. 

In  solidification  the  reverse  occurs,  passing  into  the  state  of 
ice  if  expands.  The  increase  in  bulk  is  about  one-ninth,  hence 
it  is  that  iee  floats,  and  forms  on  the  surface. 
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This  fact  exerts  a  most  important  influence  on  climate.  By 
virtue  of  it  ice  rarnm  on  tlie  surface  of  jKinda,  rivers,  lakes,  and 
by  it«  Con-conducting  power  cuts  oft'  further  loss  of  lietti  from 
the  water  buneath.  In  the  Bpring  it  ih  most  favorably  exposed 
to  the  action  of  the  sun's  rays,  and  in  the  heal  position  for  being 
melted.  We  can  hardly  reali/.e  the  difficuUiett  that  would  arise 
were  it  not  for  it»  maximum  dennity,  and  its  suflden  expansion 
as  water  assumes  the  ^olid  stHte.  Rivers  and  all  collections 
would  congeal  trt)m  below.  They  would  solidity  throughout, 
and  a  long  period  of  time  would  be  consumed  in  the  spring  in 

elting  the  gigautic  accumulations  of  winter  tue. 


r 


685.  Annealing. — In  pai<sing  to  a  solid  from  n  litiuid  state  the 
molecuk'it  of  bodies  must  have  time  to  adjust  themselves  to  the 
new  conditions  prceonted.  Especially  is  tliis  the  case  with  most 
metalR,  and  with  gloast.  The  process  of  annealing  consists  in  a 
gradual  depression  of  temperature,  and  the  allowance  of  a  suffi- 
cient lime  for  this  adjuKtnicnt  to  take  place  at  least  in  iv  partial 
manner.  Glass  wltich  has  been  suddeuly  chilled  is  exceeflinglv 
prone  to  fly  in  pieces  if  touchcii  by  a  point  or  scratched;  of  iTiiB 
10  Prince  Kupcrt  drops  are  an  example.  The  larger  the  mass 
le  greater  the  difliculty  in  auneullug  it.  The  iron  cvHtiders 
~  jmat  marine  engines  require  weeks  for  the  accomplishment 
_  ''ttU'  proeow.  In  glass  works  it  is  an  essential  part  of  the 
manufacture,  and  the  value  of  un  article  and  its  jiower  to  with- 
stand rough  usage  depend  entirely  on  the  care  with  which  it 
has  been  annealed.  By  recent  devices,  the  so-called  m(UieahU 
olass,  which  will  l>car  the  roughest  usage,  is  prenarod.  Pieces  of 
It  may  be  thrown  violently  on  the  floor  vvitnont  undergoing 
fracture. 

888.  Latent  H«at.— If  a  pound  of  water  ut  80°  C.  be  mingled 
with  a  pound  at  0"  C,  the  tera[^>crature  of  the  mixture  will  be 
40®,  or  the  average  of  the  two.  If  in  place  of  the  latter  a  pound 
of  ico  is  used,  it  will  be  0°  C  We,  therefore,  perceive  that 
the  sensible  heat  of  the  water  has  been  h'^t  in  meUing  the 
ice ;  in  oilier  wor<l8.  it  has  become  latent  or  hidden.     Ijaicnt  heat, 

rtfore^  is  that  heat  wfaeh  disappears  whai  a  suhsUmce  changes  its 
it  is  the  heat  of  farm. 

To  determine  exactly  how  much  beat  is  lost,  take  a  mass  of 
Ice  at  32'^  P..  and  ari-ange  to  have  it  warmed  ut  the  rtite  of 
one  degree  F.  per  minute.  At  the  end  of  teu  minutes  it  has 
risen  IT',  and  it  steadily  risen  until  32"  P.  is  reached.  Here 
it  iitops  and  begins  to  melt.  This  continues  for  140  minutes,  at 
the  end  of  which  the  march  of  temperature  recommences. 
During  this  140  minutes  the  ice  receit'ed  one  degree  of  heat  per 
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minnte,  which  waa  rendered  latent,  and  consumed  io  ohaiiginp 
water  from  solid  to  r)4uid.  It  is  evident  that  this  140^  F.  repre- 
sents thti  caloric  of  Auidity  or  the  latent  heat  of  the  liquid. 

Again  continue  the  application  of  heat,  and  the  rise  of  tem- 
perature continues  steadily  at  the  rate  of  one  dej^ree  p«r  minute 
until  212'^  F.  is  reached,  it  then  ntnps,  and  tlio  water  begins  lo 
boi).  Place  a  thermometer  iu  the  boiling  liquid,  it  registers 
212°  K.;  place  it  in  the  ateam  risinjf  iheretVoni,  again  il  rawb 
212°  F. ;  both  have  the  same  tempoi-atnre.  At  the  close  of  10(tO 
minutes  the  water  has  disappcarc^l  as  steam,  und  has  carried  <}S 
1000°  F.  of  heat  in  the  latent  form;  we  say,  thoreforcj 
the  latent  heat  of  steam  is  1000°  F. 

eS7.  Latent  Heat  and  Climate. — The  loss  of  latent  heat  hefo 
it  can  asMume  the  solid  state,  has  its  influence  in  moderating 
the  climate  of  regions  in  the  vicinity  of  collections  of  water^ 
The  140°  F.  of  caloric  which  it  must  surrender  suffice  for  a  Imi] 
time  to  rcaifit  reduction  of  temperature,  and  in  the  viciiiityi 
great  water  surfaces  sudden  chanpea  are  the  exception  and  mrt 
the  rule.  The  variatious  by  whicli  the  thermometer  indicfltfisi 
cold  of  — 40°  F„  or  a  summer  heat  of  over  100°  F.,  belong  W 
regions  at  a  distance  from  the  shore. 

Between  New  York  and  the  immediate  coast  a  difierenoe  fl^y 
live  and  ol>en  ten  degrees  is  experienced  in  very  cold  vveatlit^H 
This  is  owing  to  the  tact  that,  while  land  easily  reaches  a  lem* 

Seraturc  below  freezing,  water,  when  32°  K.  is  reached,  surrvo- 
ers  its  caloric  of  fluidity,  and  resists  the  tendency  to  a  further 
depression.  ^_ 

KIcvatioti  of  temperature  is,  iu  tike  manner,  retarded,  ^i^fi^l 
must  have  its  caloric  of  fluidity  before  it  can  assume  the  Iiqum^ 
form.  By  ita  demand  for  latent  heat  water  tends  to  regulate 
temperature,  resisting  sudden  movements  in  either  dir< 
above  or  below  the  freezing  point. 
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668.  Freezing  Hizturet  are  forced  fusions  in  which  one 
stance  is  coiupelled  to  melt  by  the  action  of  some  other,  as  salt 
and  ice.  Salt  attracts  water  and  forces  it  to  assume  the  liquid 
state.  To  accomplisli  this  the  ice  must  have  its  caloric  of  fluidity, 
and  it  takes  it  trom  any  subetanco  in  its  vicinity,  reducing  the 
temperature  nearly  to  0°  F.  Here,  however,  action  ceases,  ami 
the  water  rejecting  the  salt  with  which  it  had  combined  rea»- 
Bumes  the  solid  state  if  subjected  to  a  further  diminution 
temperature. 
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689.  Crystallization. — Where  bodies  pass  slowly  from  the  liqn 
to  the  solid  atate  they  tend  to  assume  special  geometrical  fornio, 
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f.  _9.,  cube,  priam,  etc;     Those  arn  called  crystalfl.     The  process 
mar  take  place  i?ither  from  a  funcd  cotKlitioii  of  the  Bubetance, 
or  hy  evajjoratioii  of  a  solutiou  in  water.     In  the  former  it  is 
■•ftid  to  bu  by  the  drff  imi/.  in  the  latter  by  the  moist  way. 
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ipentlura  of  formiiUon — Propcrtiu  of  vniKin— Cruhs  inflaehclng  vApArlxft* 
lion— Evftporatinn  In  vilciio — V'k|torlKiilion  ftcoolingprocAM — Icemaehinei — 
EiTnclof  vnpon  ou  cttmBU— -Vepon  %n6  furnace  huat^Elulic  fores  uf  rnpon 

690.  Temp«ratQre  of  Formatioo. — Thouf^h  water  vaporizes  mo«t 
rB]ji(llv  in  ii«  Uoiliii:^  point,  the  process  jfoea  on  nt  tompcraturea 
for  below  this.  Films  of  ice,  for  example,  which  have  formed 
on  a  window  during  a  cold  nighl  slowly  evupurute  ditring  the 
day,  without  a^Aumiiig  the  liqnid  Htate,  if  rayB  of  t-lie  sun  fall 
upon  them.  Water,  in  the  solid  state,  therefore,  gives  off 
vapor — indeed,  vaporization  may  be  said  to  take  plaee  at  all 
temperatures. 

Faraday  attempted  to  determine,  in  the  case  of  raorcnr}% 
whether  there  wa«  a  lower  limit  to  the  proccsB.  To  this  end  he 
enclosed  a  imrtion  in  a  vessel,  and  etispeiided  a  piece  of  gold  leaf 
over  it.  He  eoneluded  that  vaporisation  ceased  when  a  tem- 
peraturc  of  — 10*  C.  was  reache<l. 

Many  Bolids — for  example,  iodine  and  camphor — vaporize 
rapidly  without  ussmninc  the  Hrjuid  Btali-.  On  the  other  hand, 
no  (iiibiilance  laiU  t<)  vaporize  if  its  temperature  is  nii^ed  sutK- 
ciently.  3nld,  platirtnui,  and  the  inocit  refractory  metals  utider 
the  influence  of  a  voltaic  are  of  miffieienl  intensity  may  Iw  dissi- 
pated in  vapor. 

In  certain  cases — an  with  camphor — light  seems  to  influence 
the  process.  A  bottle  of  camphor  placed  on  a  shelf,  and  left 
undistiirhod  for  a  few  months,  shows  a  co|)iouB  deposit  of  crys- 
laU  on  the  part  turned  away  from  the  light,  while  not  one  U 
found  on  the  side  towards  it. 
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flftl.  Properties  of  Vapors. — Fill  ii  matrass,  which  is  s  ^ 
neck<;<l  tia!«k,  with  water  to  within  lialf  an  iocb  of  its  mou 
On  this  pour  ether,  close  the  operiingwiib 
Piu-  299.  the  finger,  and  immerRe  it  mouth  douo 

in  water,  B;  remove  the  finger,  and  the 
water  remains  sii3|ien<led  in  tbe  flask.  Ai 
the  SHiiie  time  the  ether  rieee,  and  lakes  its 
place  in  the  glube  of  the  floak,  A. 

Let  heat  be  applied  to  A;  after  a  time 
the  ether  changes  its  form  and  assumei 
the  vaporous  state.  The  niatnii»  mav  be 
tilled  with  it,  and  yet  but  »  ennall  parlnf 
the  tluid  dif»ttppeare.  Pour  cold  water  on 
the  gh>he,  and  the  ether  reassume?  iia 
normal  condition. 

From  tiiis  experiment  we  learn :  Isl. 

That  vapors  occujh/   ft   mit^h  grmter  tjntft 

Ihan   the  U/juids   whit;k  prmlnet:   ffinn.    2d. 

The}/  are  not  /'^m  but  perftctiy  trmufjuirmi, 

though,  ns  with  Miine  and  hromine,  ihty  ntoj  ht 

coloreii.  Sd.  They  are  easily  i-oiidensed  into  jluid. 

A  vapor,  moreover,  diftera  from  a  gas  only  in  its  relative  eon- 

deusabilitv.     It  vtay  be  defined  as  a  pas  condaismg  easihf  nrnltr 

mertase  of  pressure,  or  reduction  of  tanpfrature,  tcftUe  a  gas  rapiires 

great  pressure  and  intense  cold  to  produce  its  condensation. 

692.  Causes  Influenoing  Vaporization. — Kate  of  vaporization 
depends,  let,  on  tempanlure,  either  as  regards  ita  de>jree  or  ex- 
tent of  surface  exposed.  A  (rev  supply  yielding  lieal  to  bo 
rapidly  made  latent  will  increaw  the  rate.  Increased  extent  of 
surface,  hv  bringing  the  lluid  in  better  oontuct  with  heat,  will 
produce  the  Baine  result.  Therefore,  the  use  of  tubular  boilers 
for  locomotives  and  other  kiuUi}  of  apparatus  in  which  steam  '» 
to  be  generated  rapidly. 

2d.  Innreasfd  surface  favors  vaporization.  Honce,  the  fonn 
given    to   the   so-called   evaporating   dishes,   A,   Fig.   300.    A 

given  quantity  of  water  placed  in  a  flB.-tk  and  in  an  evaporating 
ish.  and  equal  soui'ccs  of  heat  appUvd,  thai  in  the  latter  wiU 
disappear  no  vapor,  while  the  former  will  have  lost  only  a  small 
portion.  When  we  wish  long  digestion  with  heat,  the  latter  is 
the  proper  form  of  apparatus  to  employ.  When  to  get  rid  of 
fluid,  the  evaporating  dish. 

8d.  Reinovid  of  fhe  dttmp  atmosphere  from  the  surface  of  a 
liquid  haaten.-}  evaporation.  Of  this  we  may  satisfN*  ourselves 
by  blowing  on  a  fluid  in  an  evaporating  dish,  when  the  process 
will  be  greatly  accelerated,  and  the  temperature  lowered  several 
degrees. 
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sa  of  the  air  also  favorB  vaporization.  It  is  in  vain 
rittcmpt  to  thy  clothing  when  the  air  ia  saturated  with 
nioititure.  In  tlie  luboi-atory,  the  )iot-air  oveu,  bv  ruisiiig  tlie 
temperature  while  tho  (icw  point  rc>niainB  the  flame,  ofturs  a 
practical  example  of  the  application  of  this  principle. 

5tli.  Presstire  exerts  n  notable  cttect  on  evaporation.  Take 
the  apparatus  (691),  place  it  under  a  tall  flir-punij>  bell,  and  pro- 
ceed to  exhaust.  After  a  tew  niomoutH,  when  about  half*  the 
■if  is  removed,  the  ether  fairly  flashes  into  vapor.  Kcstare  the 
pressure,  and  aa  quickly  it  reverts  to  the  liquid  state. 

693.  Evaporation  in  Tacno. — Advantap^e  \»  taken  of  the  loat 
property  of  vnpore  in  a  variety  of  inanufacturing  and  chemical 
operations.     \\  hen,  lor  example,  a  i^utti- 

cient  elevation  of  temperature  to  secure  a  Fio.  soo. 

rapid  vaporizution  would  be  attended  by 

an  alteration  in  the  ]irnperticB  of  thosnb- 

Aauces  experimented  upon,  tlie  proceai?  in 

conducted  in  vacuo — that  if,  in  a  wpfice,  C, 

connected  with  an  air-pnmn  by  which  a 

vaeuum  may  be  inainlained  throut^h  1>. 

An  npplicalion  of  this  priiieiple  is  seen  in 

sugar  boiling. 

At  the  aanic  time,  if  desired,  dishes,  B,  kthi-.. 

containing  strong  sulphuric  acid  con  be 

placed  in  a  vacuum  vetiael.C.  This  favors  vaporizatiou,  remov- 
ing moisture  from  the  space  at  a  very  rapid  rate  and  at  ordinary 
temperaturca. 

694.  Vaporization  a  Cooling  Process. — If  ether  is  ponred  on  the 
bulb  of  a  Suiictorio  tliermometer,  it  vaporizes  and  causes  a 
rapid  contraction  of  the  air  in  the  instrument.  Anything  which 
favora  evaporation  inci-eases  production  of  cold  and  elevaliou 
of  the  index  liquid.  The  cause  of  this  is  found  in  the  fact, 
that  for  ether  to  aximme  the  vapomns  state  it  mast  have  its 
caloric  of  vapor  from  the  substance  whereon  it  rests,  or  with 
which  it  in  in  contact.  In  this  case,  tt  takes  it  from  the  bulb  of 
the  ihormometer. 

Any  liquid,  as  ether,  alcohol,  water,  which  can  va[H)rize,  if 
poured  on  the  hand  producea  a  cooling  scnaation.  The  more 
volatile  the  fluid  the  greater  the  effect.  In  the  articles  men- 
tioned, it  is  in  the  order  given.  If  at  the  Anme  time  the  surface 
is  fanned,  the  action  is  increased.  If  water  is  placed  in  a  bulb, 
and  surrounded  with  cotton  stiaked  in  ether,  and  the  appai-utus 
whirled  in  the  air,  the  cold  will  be  sntficiently  intense  to  c-ause 
it  to  freeze.  Water  placed  in  a  watch-glass  which  rests  in 
anotlier  containing  ether,  will,  if  placed  on  nn  air-pump  plate 
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and  submitted  to  a  VHOuutn,  bequickl^v  frozeu  b^  evaporatioD  of 
t)ie  »tlier  hi  the  outer  crvsUtl. 

Ordibsry  t'aniiing  cools  the  surface  of  a  body.  The  removjl 
of  the  vapor  lavorti  vaporization,  and  in  forming  it  afresh  tlie 
surface  is  cooled  hy  the  abstraction  of  warmth  to  give  this  its 
latent  lieat. 

The  eooUng  citect  of  vaporization  is  applied  insarnrjfor 
production  of  local  anawtb^ia.  A  fine  spray  of  ether  is  dire««d 
upon  the  surface  by  riieaneofau  atomizer,  iiy  its  rapid  evapora- 
tion he^t  is  abstracted  from  the  part  and  intense  cold  prodaced. 
attended  by  loss  of  »ensibility,  and  the  knife  can  be  used  witb 
out  cuut^ing  pain.  A  isitnilar  arrangement  i&  utilized  for  frecnDg 
soft  ti&sues  in  making  microscope  sections. 

695.  Ice  Machinei. — These  depend  upon  the  pro[>erty  in  ciut*. 
tiou.  Some  liighly  vaporiznble  liquid,  as  ether  or  ammonii.  is 
oatiBcd  tn  vuhitilizo  by  diniinntion  of  pi-easure,  aeeoinptisbcii 
by  a  pump.  An  intensely  cold  fluid  is  pri>duee<l,  which  is  d«J 
by  some  suitable  duvive  to  abstract  iMiloric  from  the  water  to  be 
frozen.  The  portions  vapori^AMl,  arc  by  the  same  machine  re- 
condensed,  and  forced  to  reassumetbe  Uquid  state,  a  large  quan- 
tity of  water  at  ordinary  temperature  bcino;  employed  lo  earn- 
oft  the  latent  beat,  which  becomes  sensible  neat  when  they  pai 
from  tlie  gaseous  to  n  liquid  state.  Being  thus  ix'gained,  ikv 
are  employed  to  freeze  more  water,  and  thus  the  same  quantilv 
is  made  to  produce  an  indefinite  amount  of  icei 

In  regions  where  ice  is  rare  these  machines  arc  worked  with 
considerable  pecuniary  profit.  Tiie  loss  of  weight  by  long  lines 
of  transport,  the  high  temperature  and  consequent  shrinkage 
by  muUiiig,  mt-eling  the  increased  expenditure  of  coal  required 
to  work  the  apparatus. 

In  pome  hot  countries  water  is  cooled  by  means  of  alearrazas. 
or  vcB»els  of  ]>orous  earthenware.  When  liquid  is  placed  Id 
ooe  of  these  a  portion  permeates  the  walls.  If  it  is  thett  fwt 
in  u  current  of  air  the  evaporation  of  this  exterior  film,  by  its 
avidity  for  the  latent  heat  necessary  to  tbrm  a  vapor,  cools"  tbs 
contents  of  tlie  alcarraza.  Thus  a  very  agreeable  drink  is  ob- 
tained at  an  exceedingly  niodenite  expenee. 

696.  Effect  of  Vapors  on  Climate. — If  the  teniiterature  is  taken 
on  the  Atliiniie  coast  of  Europe,  aud  compared  witb  that  of 
the  same  parallel  on  the  American  side,  it  will  be  found  that 
the  average  annual  temperature  is  about  10°  F.  higher  in  the 
former  case.  The  cause  of  this  is  cliiefly  the  condensation  of 
vapor  in  the  formation  of  rain.  The  (Julf  stream  made  up  of 
warm  water  from  the  West  Indies,  passes  across  the  Atlantic, 
and  bathed  the  whole  of  the  northern  coast  of  Europe  with  a  sM 
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m  which  vapor  ie  coiitiniiaiiy  arising.  This,  taken  up  by  the 
prevailing  winds,  is  (rarried  tar  inlci  the  interior  of  Kurope,  and 
coming  iu  coutact  with  the  cold  of  those  regions  ia  conneoaed. 
In  condensing,  it  surrenders  its  1000°  F.  of  caloric  which  giTes 
it  the  vaporous  form,  and  to  this  heat  the  moderation  of  climate 
\»  due.  Ah  Uio  wind  patuturt  nn,  the  vapor  it  contuiuH  in  dimin- 
ifthod.  Loiu  and  Icaa  rain  faLln,  and  le>ts  latent  heat  ir  made 
•eligible.  The  air  is  drier,  and  with  );u-k  ofnmisture  its  moder- 
fttiug  utlect  is  lo»t,  until  liiially  u  region  i»  reached  where  the 
greatest  cxtremea  of  cold  are  found. 

The  ettects  of  the  cold,  intensely  dry  air.  on  the  sysleraB  of 
tho  inhabitantB  of  these  sections,  and  of  our  own  weetero 
country  whei-e  similar  conditions  exist,  are  well  worthy  of  con- 
Bidcration.  The  air  is  not  »ndy  cold,  but  almost  entirely  i-obbed 
of  moisture.  TJiis  passing  into  the  lungs  has  a  profound  desic- 
cating action,  whicu  must  seriously  interfere  witli  their  func- 
tions and  produce  intlaniinatory  conditions. 

097.  Vapor  and  Foraaoe  Heat. — American  houses  are  generally 
heated  by  a  furnace,  wliiL-b  takes  air  into  a  chamber,  warms  it, 
and  delivers  it  into  tho  several  rooms.  In  wiuter  this  air  oHeu 
has  a  temperature  hclow  tho  freezing  point  of  water:  it,  therefore, 
contains  but  little  moisture.  In  the  furnace  chamber  it  is  heated 
to  72"  F.  or  iherL'ttbouts.  Here,  therefore,  there  io  a  difference 
of  40^  K.  Iietween  the  teniiieniture  and  the  dew-point  of  air, 
or  that  ai  wliich  it  is  i*aluraled  with  moisture. 

Such  air  poHctL'^seti  intense  desiccating  power  over  all  organic 
HubstunceH.  Furniture  is  torn  to  pieces  unless  made  of  carefully 
prepared  wood.  Our  systems  are  also  profoundly  affected  unless 
flometbing  is  done  to  give  to  the  air  the  moisture  for  which  it  is 
80  greedy.  Generally  this  is  accomplished  by  placing  a  large 
pan  of  water  in  tho  chamber  of  the  luruace,  wliich  Ity  its  area 
may  supply  a  [Mirtion  of  that  required.  In  addition  to  this,  ves- 
mIs  of  water  should  he  placed  opposite  the  registers  of  rooms 
through  which  heated  air  is  delivered.  It  is  wonderful  to  note 
how  milch  liquid  will  be  evaporated  in  twenty-four  hours.  A 
gallon  or  more  eiti^ity  disappears. 

in  the  treatment  of  intlaniniiitions  of  the  mucous  membranes 
of  the  air  passages,  sulficient  attention  is  not  paid  to  this  desic- 
cating action  ot  furnace  air.  It  may  ho  modified  by  placing  a 
dish  of  water  op^Hisite  the  furnace  Hue,  and  allowing  towels  to 
dip  into  it,  which,  taking  it  up  by  capillary  action,  present  it  to 
the  incoming  ruHJi  of  hot  air,  tiius  turnisliing  a  portion  of  the 
moisture  it  needs.  At  the  same  tinle,  care  should  be  taken  that 
the  pan  in  the  furnace  eliainber  is  large,  occupying  the  whole 
floor,  and  kept  properly  tilled. 
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Proper  altentioii  to  these  conditionti  will  do  more  to  ailcviite 
aiiJ  cure  a  piitiunt  tliun  nil  the  niuii'iciiie  uUiiiiuisturei). 

698.  BlMtic  Fore*  of  Vapon. — Prepare  a  barometer  by  fillings 
with  mereiirj'  a  tiibu  ovur  thirty  inches  in  leo^h,  A.olowdq 

one  end.  Carefully  remove  all  atr,  ami  place  it 
PiQ.SOi.  mouth  down  in  a  cistern  of  mercury,  B.  L«I  it 
stand  in  the  vertical  position,  rcniovo  the  tinpjruDii 
(he  liquid  will  fall  tVoin  the  lop  to  about  iliirt; 
inches  above  the  cistern,  and  the  barometer  is  [pre- 
pared. Introduce  beneath  its  mouth  a  pipette  filled 
with  ether,  the  tip  curved  for  the  purpose,  and  blow 
it  Into  the  interior.  The  nienuiry  will  iuMantk  fell 
and  stand  at  al>out  iiltefii  intitead  of  thirty  inches. 
Incline  the  iuBtrunietil  and  warm  the  ether  It  coii- 
tains,  the  mercury  will  be  driven  lower.  Cool  it, 
and  it  will  rise. 

The  experiment  demonstrntea  that  ether  vapor  is 
pvwsessed  of  elastic  force.  If  %ve  warm  it,  ibis  is  in- 
cretisetl  and  the  mercury  depressed.  Jf  wc  cool  il,  it 
JH  dimlniithed,  and  air  pressnig  u[>on  the  tluid  in  tbv 
cistern  forces  it  up  into  the  tube. 

8  By  means  of  an  iii^'nious  device,  known  as  the 

candle  bomb,  the  elastic  force  of  steaoi  may  bo  illus- 
trated.   It  consists  of  a  small  bulb  blown  on  the  end 
of  a  stout  glass  tube  J  inch  diameter,  which  is  drawn 
ott'  as  close  ns  possible  to  the  bulb,  the  end  being 
The  tatter  is  warmed,  a  portion  of  the  air  expelled. 
and  tiio  stem  placed  under  water.     By  contraction  of  the  air  a 
little  water  is  drawn  into  the  bulb.    The  tip  is  then  sealed.    Tli* 
stem  is  iuaerted  iti  the  wick  ofn  spirit-lamp,  the  alcohol  ignited, 
and  the  apparatus  put  in  a  safe  place.     AOer  a  short,  time  s 
violent  explosion  results,  the  intensity  furniishing  a  good  ide* 
of  what  happens  when    large  quantities  of  water  exert  their 
elastic  force  explosively  aa  in  the  bursting  of  boilers. 

699.  High -pressure  Steam  Engines  are  examples  of  the  applica- 
tion of  [he  clastic  force  of  vapor  of  water.  Sleam  is  generated 
in  a  boiler,  where  it  is  contined  and  not  allowed  to  escape  except 
as  used.  l_'nder  these  cotiditions  its  eiasiic  force  is  increaecd. 
and  pressures  of  sixty  pounds,  or  four  atmospheres  upon  the 
square  inch,  arc  easily  obtained.  This,  admitted  into  a  cylinder 
pro\'ided  with  a  piston,  gives  the  latter  motion  represented  by 
this  amount  of  pressure  on  avcrj  square  inch  of  its  surface.  By 
suitable  n|ipl!ances  the  apparatus  ia  made  to  work  automalicully. 
When  the  pi&ton  reaches  one  end  of  the  cylinder,  steam  is  ad- 
niitte<l  oil  I  be  other  side  and  it  is  driven  in  the  opposite  directiuE 
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recipropiitin^  motion  is  thus  obtainod,  the  r^ulBriry  of  which 
is  niHiniaiiiwI  by  tneans  of  a  flj-whcci,  and  coDBtiCute^  the  ordi- 
nary hijrh-presauro  enjpue. 

In  boilers  of  locomotives,  niarine,  and  other  engines  the  solid 
nmttcr  pontaitied  in  the  water  becomes  concentrated  ae  il  is 
converted  into  steiim,  until  litiuDv.  if  care  h  not  taken  to  blow 
Uiis  solution  oft',  deposits  nccumulate  to  the  thickness  of  an  inch 
ou  the  tubes  of  tlic  boiler.  Whett  this  ha«  formed,  as  it  is  a 
poor  conductor,  heat  does  not  travcrec  it  freely.  The  metal 
which  it  covers  becomes  superheated,  eometiniee  red  hot,  and 
oxiilizcs  rapidly;  finally,  by  weakening  the  boiler,  it  causes  aa 
exploftion. 

Various  devices  have  been  applied  to  prevent  formation  of 
iheeo  depotslih':  uniung  tbeui  i^  the  introduction  from  time  to 
time  of  chloride  ot  ammonium  into  the  water.  Another,  bolting 
bars  of  zinc  in  the  boiler.  These  are  combined  with  frequent 
blowing  oft'. 

In  Iow-pre8?uro  engines  llie  difficulty  Is  avoided  by  using 
water  from  the  condenser,  a  little  additional  8U[tply  being  pro- 
vided from  time  to  time,  as  from  various  causes  it  is  lost.  In 
locomotives  tlie  surest  remedy  in  a  limestone  district  is  to 
collect  and  use  rain  water.  Every  other  sehemo  is  open  to  ob- 
jection. Artesian  wells  will  not  answer,  as  they  contain  more 
dissolved  mineral  matter  tlian  waters  which  are  superficial. 


CHAPTER    XXXin. 

LIQUEFACTION. 

InfUntanCdU*  conilm'iiltililj — Low-pt*MMnt  ftnKins*— Pult«  glai*,  crvopboniB, 
ttoO  u-iiipr.htiiiiiner — V<it.  Cluud.  Moleorolof^— R»ln— Ratn  asd  mtum — 
Siiuw  anil  liail— Hifiillitiion. 


700.  Instantaaeoas  CondeDiabilitj  of  Vapors. — Adapt  u  tube,  A, 
to  a  cork  which  closes  the  month  of  a  Hank,  ]t.  About  three 
inches  front  the  cork  bend  it,  giving  it  a  short  and  long  leg. 
riat-e  water  in  the  dnsk,  suy  one-sixth  full,  adapt  the  combina* 
tion  1  hereto.  Apply  heat  and  boil  the  liquid  until  steam  escapes 
freely  from  the  oneii  extremity  of  the  tuoe. 

Having  tilled  the  apparatus  full  of  steam,  place  the  mouth  of 
the  long  arm  under  water  in  a  large  vessel,  C ;  condensation 
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«oon  begins  anil  Itttle  by  lltUe  the  water  rise^  in  tie  tube;  at 
la£t  a  drop  falls  into  tlie  tlofik,  wbcu  instantly  all  the  vajior  ii 
contains  ia  condensed,  a  vacaum  ib  formed,  and  the  lioid  ii 
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702.  The  Fulie-^lais,  Cryophoroi,  and  Water-hammer.— The  first 
oonftists  of  a  tube  about  uti^-huH  an  ineb  in  diameter  with  a 
bulb  at  either  extremity.  This  contains  colored  alcohol.  All 
air  iK  carefully  removed,  and  as  perfievt  a  vacuum  ae  possible 


forced  up  by  pressure  of  the  air  on  the  surface  of  liquid  in  ibe 
reservoir,  it  rushes  in  with  such  violence  that  the  flask  is  gtuer-    J 
ally  crushed. 


^ 


701.  Low-presinre  EnglnM. —  .Advantage  is  taken  of  this  prin-  1 
ciplo  in  tlii.>  construction  of  this  form  of  engine.  A  large  Tcssel, 
called  the  condenser,  is  kept  cool  and  ae  vacuous  ae  possible.  J 
When  the  piston  bus  reached  ouo  end  of  the  cylin<ler  com- 
Diunicatton  is  established  between  it  and  llie  coudcuser.  In- 
Btant  condensation  of  the  steam  follows,  a  vacuum  is  formed, 
and  pressure  of  the  air  forces  the  piston  back;  at  the  same 
time  (rteuru  ts  admitted  on  the  opposite  side,  so  its  movement  ii> 
tlie  resultant  of  two  forces,  pressure  of  steam  assisted  by  pressure 
of  air  or  a  vacuum  on  the  reverse  side. 

In  recent  marine  engines  the  biffb  and  low  pressure  forms 
are  united.  A  small  cylinder  receives  the  bigh-presaure  stpam 
at  sixty  or  more  pounds  to  the  square  inch.  From  tbie  it  passes 
into  large  cyliiidcrs  over  a  hundred  inches  in  diameter,  in  which 
it  acts  on  the  low-prcasure  principle.  Thus  the  utmost  eflfect 
of  which  steam  is  capable  is  obtained  at  a  minimum  exi>cnBu. 
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ined  over  the  liquid.     GpiispiiijCf  one  of  the  hulhs  in  the 

ind  and  )nclii)iu;r  tno  tiiliu  ut  u  prnpt- r  an^lc,  the  lluid  takes 

ip  apnlsatile  movement  hetwoeti  the  two,  vaivorlH'iiiff  generated 

CDC  and  carrying  a  portion  of  the  iliiid  along  with  il  to  the 

>tbtir,  where  it  ik  condenwil 

nd  relumed  to  ihe  Hr^r. 

The    cryopborus    or    Crost- 

rer  19  simihirty  constructed. 

!n  place  of  alcohol,  the  upper 

bulb  is  partly  filled  with  water. 

/The    lower   is  empty;    all   i\ir 

l)eit)g    removed.      A  freeziugf 

mixture  is  applied  to  the  tower, 

which  condensing  the  nioii<ture 

therein,  promoteH  eva[K)nitioQ 

n  the  upper.     TIuh  guve.  on  at 

rapid  a  rate  that  the  cold 

roduccd  18  BulHeient  to  freeze 

e  ttuid  in  the  IiUter.      Tliua 

have  water  frozen  bv  the 

pplie^ttion  of  cold  at  a  diittaiice. 

lamrocr  nee  (196). 


f?> 


Til*  pulw^claa. 


For  description  of  the  wuter- 


703.  Fog.  Cloud.  Meteorology. — The  interior  of  the  fhuk  in 
he  experiment  on  in«tantunfous  coiKlensahility,  ihoiiph  titled 
Kith  vjtpor,  is  perfectly  clear  and  truuBparent.  Not  so,  liowever, 
irith  the  ninterinl  which  escapeB  from  the  month  of  the  tube. 
t  posftenftei*  the  ordinary  smoky  ap^-earance  belonging  to  Htcam. 
Collect  ttome  of  thi^  upon  a  microscope  slide,  and  examine  it  with 
hat  instrument.  It  will  bo  loiirid  to  consist  of  minute  vesicles 
»r  holhnv  spheres  of  wotor.  VVc,  therefore,  discover  that  steam 
ithile  in  the  state  of  a  true  vapor  i«  ulcar  and  transparent,  and, 
[►nly  assume*  the  form  of  fog  when  converted  into  these  hollow 
pheres.  AVhat  is.sues  from  the  tube  is  nnt  steam,  it  is  coii- 
iensed  sti'am  or  water. 

The  foniiation  uf  these  vesicles,  contaiuing  what  ia  suppoced 
to  be  in  |mri  oKonc.  is  e.xceediiiply  instructivf.  They  are  quite 
ermanenr,  and  ott'er  the  first  indication  of  what  may  be  re- 
rdcd  as  the  cell  wall.  Indeed,  it  Is  a  ((aestiou  whether  all 
rms  in  plant  life  may  not  depend  upon  the  water  they  con- 
in.  After  a  night's  strong  frost  we  find  our  windows  covered 
with  Hlrns  of  ice  which  present  every  variety  of  fern  and  other 
lowly  plant  forms.  There  is  nothing  present  hut  water,  and  its 
umption  of  ihurie  uuttinett.  as  it  becomes  convfrtett  into  ice, 
ox<^ee^liMgly  suggestive  of  the  source  whence  the  fern  forms 
e  produced. 
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Cloud  in  1»y  8f>me  supposed  to  uonsUt  of  hollow  T«icli»,  by 
ntbers  of  solid  miuutc  particles;  both  are  correct^  tw  it  Ueomfr- 
time*  one,  sooietimes  the-  other.    Tlio  varietiea  are  aa  follows: 

IsL  Grrua  is  a  teatlierj,  wispy  cloud,  occnnying  the  upi>er 
regions,  A.  Sailors  call  them  mares'  laits.  They  are  ai  lh« 
litglieAt  elevatioriit,  aitd  probably  consist  of  purticleB  of  ice. 
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Punu  at  •'■•■uria 

2d.  0»nuh/8  \n  formed  of  rounded  raasaes,  It,  convex  nbore 
and  ^at  below.  They  are  known  as  uotton  balJa  and  wool  pacln. 
They  prevail  in  sutunior. 

8d.  Stratus  conaiats  of  liorizontAl  sheets,  C.  It  is  low  in  tb« 
atmospliere.    It  is  formed  at  sunst't,  and  disappears  ut  aiiitrise. 

4th.  Qrro-cianidus  consists  of  small  cumuli  floating  higher 
than  cumulus.     It  is  the  variety  which  p;\ves  thi;  mockerel  skt/. 

fiU).  S/'iid  from  ilH  low  elevation,  Hpg'ears  to  move  with  great 
rapidity. 

tith,  Aimbus  is  any  cloud  which  is  discharging  rain.  D. 

All  matters  relating  to  phenomena  of  the  atmosphere  which 
appear  aloft  are  dealt  with  by  the  science  of  meteorology,  derived 
from  the  Greek  ^tr/u^wc,  signifying  aloft..  It  was  originally  ap- 
plied to  bright  objects,  as  shooting  stars,  but  now  include 
clouds,  ruin,  lightning,  and  other  phenonieoa. 

7<H.  Bain  is  produced  by  condensation  of  fog  veeiolee  in  the 
clouds,  or  by  coalcBccncc  of  minute  drops,  until  at  last  those  of 
greater  and  greater  size  are  attained  and  rain  begins  to  fall. 
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The  annual  rainTtLll  in  difTercnt  redone  vanes  ^rreatly.  In 
foquatorial  parts  of  lite  g\oho  it  oOeii  rondies  a  dt'iith  of  over  100 
[inches  nnnuallv.  In  nur  vjcinit^v  it  is  fmni  '25  to  30.  Meas- 
[vruiuenl  is  inauo  hy  tnuiins  of  the  rain  gunge.  For  tliift  purpose 
large  funnel  placed  in  a  tnoii>^uriTig-gtass  may  be  einpioyed. 
?he  area  of  the  former  being  known,  the  latter  gives  tlie  cubic 
[centimetres  or  «;ul)ic'  inches  of  water  falling  thereon.  The 
lnBtrunierU«houItI  be  placed  on  top  of  a  post  away  from  trees  or 
'other  nlwiaeles  to  its  tree  collection  from  all  sidca  of  the  rain 
wliieh  fallH. 

The  best  illustration  of  the  variation  in  annual  rainfall  over 
a  limited  extent  of  country,  is  offered  by  the  table  of  Mr.  Sy- 
jnons,  for  the  raintall  of  Great  Britain. 

Lincoln  ■ml  HtHriit<>i'<jl      ...  'JO  inrliu*. 

Biirfrd  %nd  WllliitTii        ....  .  21  " 

Lohjun  arid  K<ln)butf(l)  ....  24  " 

llulilln  Hnd  pA-tli    .         .  .  no  •• 

Ex«t<>r  ■nd  VWttm  ...  XH  >■ 

Liref|Mul  nnd  M«(K-hMtvr  .  86  " 

OlMgow  uid  Cork 40      •> 

ObIwhv    .        , .  M  " 

Gr««nM!k  nnd  Inrvnirv    .         .  .  .  (H  " 

I>»ri(ii(«.r  .    '    .  .  M  " 

Hcn-Lonu>nd    .        .  .        .        .        .  «t  '■ 

70i5.  BftiQ  aad  Hiaam. — Whenever  the  annual  rainfall  in  any 

iBeetioii  i»  diuLiuibhcd,  tliu  ponds  and  niarshes,  losing  their  usual 

[supply,  expose  the  dark  muck  which  forms  their  beds   to   iho 

lActiou  of  the  sun's  rays.     Under  these  conditions  miasm  of  an 

^BKCDodingly   virulent   nature  is  evolved.     Kvery  oftort  should, 

therefore,   be  made  to  retain  the  water  in  such  places  at  its 

natural  level.     Under  no  ennditions  shonld  it  he  drained,  except 

in  the  winter  season,  when  evolution  of  miasm  ia  at  its  minimum. 

706.  Snow  and  Hall. — Condensation  of  va[K)r  of  water  by  the 
intense  cold  of  the  upper  regions  of  the  air  fnrms  minute  spicules 
of  perfectly  clear  ice,  which  may  be  perceived  in  these  regions 
as  minute  floating  motes.  Their  coalescence  and  union  pro- 
duces snow.  Sonie  idea  of  this  intensity  of  cold  at  great  altt- 
tudea  is  gained  from  the  fact  that  ]}arnil  and  Bixio,  in  an  ascent 
made  on  Jtily  '27,  IfifiO,  at  7000  metres  above  the  earth  suddenly 
encountered  a  temperfllure  "f — 39"  C. 

Formation  of  hail  is  usually  attended  by  great  electric  dis- 
turbance. The  size  of  hailstones  is  sometmics  very  great. 
Tarcnt  says,  that  on  May  15, 1703,  he  saw  some  us  large  as  his 
fifli.  In  1844  many  ftl!  in  France  which  weighed  five  kilo- 
gramntes,  or  about  ten  pounds. 

707.  Diitillation  consists  in  vaporizing  a  liquid,  such  as  water, 
[ftud  condensing  its  vapor.    In  ordinary  distillation  the  fluid  U 
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heated  in  a  vessel  called  the  still.  It  shoald  not  hoil,  hut  unly 
simmer  gently,  the  formation  of  spray,  and  carrying  over  ot 
minute  portions  are  thus  avoided,  and  a  purer  distillate  obtained. 
As  vapor  arises  in  the  still  it  is  received  in  the  worm,  which  is 
a  tube  coiled  spirally  immersed  in  cold  water.  In  this  the  steam 
ia  condensed  and  escapes  helow  in  a  fluid  state. 

Special  forma  have  been  devised  to  secure  perfect  freedom 
from  impurity.  One  of  these  is  the  ancient  device  of  the  alembic, 
which  was  contrived  to  return  a  portion  of  the  less  condensable 
vapors  to  the  still. 

various  modern  kinds  of  apparatus  accomplish  the  same 
result,  and  by  exceedingly  slow  distillations  we  can  obtain  the 
most  vaporizable  liquids  in  a  state  of  almost  absolute  purity. 

For  liquefaction  of  distillates  in  the  laboratory,  Liebig's  con- 
denser is  used.  Cold  water  is  delivered  into  it  by  the  fiinne!  ab, 
and  flowing  through  a  metallic  jacket  which  surrounds  the  tube. 
e  e,  keeps  it  cool  and  condenses  the  vapor  as  it  passes  from  the 
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retort  through  d.  The  overflow  of  the  former  is  caught  at  c, 
and  the  comleneed  vapor  ie  delivered  at  d'. 

As  a  rule,  the  first  fifth  and  tlie  last  two-fifths  of  a  specimen 
are  not  c(»llected.  The  first  contains  vapors  whicli  are  objec- 
tionabk'.  The  last  two,  salts  in  increasing  quantity,  and  the 
liability  to  formation  of  spray  and  destruction  of  the  whole 
distillate  is  very  great. 

It  is  an  excellent  practice,  to  follow  a  species  of  fractional 
distillation,  collecting  the  distillate  by  tenths,  and  mingling  those 
which  are  pure. 
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irVOROMKTRV. 


lygrnmetfy — Mitton'>lij'gTuinFii.'r— MMlinil  i>f  taking  dow-point^ Dew- point  and 
MUftiiioD  of  t«^lpc^atu^^ — Moielurc  *xhalctl  fttim  th«  lun(;B — Mi 'if  lure  exl»al»l 

I  from  tlieNkin^Effvcl  uf  t-aerciira  on  inaoniiibln  firrapiTAlion. 

706  Hygrometry.— We  have  rcteiTetl  to  the  presence  of 
moi»mre  in  air.  It  ia  not  to  be  Hupjtosctl  thnt  this  is  in  any 
way  hcltl  by  the  uir.  The  two  thinp^  air  niid  vnpor  siniply 
coexist  iti  a  ^iveti  fpace  independently  ofeat-h  other.     A  vacuum 

twill  hold  the  winio  f|nantity  of  the  hitttr  «t  a  given  temperature 
M  if  fillfed  with  the  former.  The  ineasuretnentot  the  atnount  of 
vapor  in  a  given  area  eonstitutes  the  »eienee  of  hy^rometry. 

The  eflect  of  moisture  und  ilryne«s  on  nrio*'!'*^'  BubstaneeB  is 
well  known.  The  t*plitting  ot"  articles  of  uf">d.  as  furniture, 
in  drying  is  familiar  to  ull.  The  eimpleHt  hygronieterR  arc  haeed 
on  this  property. 

I  The  hair  htjpromfftr  conBistsof  aliumnn  hair  earefiilly  deprived 
ot  ita  grease  by  ether,  one  end  attached  to  a  tirm  Biipport,  the 
other  to  an  inuex,  arranged  oa  a  lover  of  the  third  oifk-r — that 
i*.  with  the  power  or  hair  !)etween  the  fnlemni  and  the  weight 
and  near  to  ilio  former.  When  it  expandrt  the  lever  fiills,  and 
marks  its  eft'ect  on  the  scale;  when  it  contractfl,  it  rJMv.  It  is 
graduated  by  exposing  the  instrument  to  the  full  cttcct  of:  let, 
ttvery  dry,  and  '2d,  a  satunited  or  wet  atniofphere. 

Tlie  compertsation  bar  h^gromrttr  in  eoniposod  of  a  piece  of 
whalebone  firmly  glued  to  a  strip  of  wood  i-iit  acroiw  tlu;  erain. 
One  end  i»  atla'.hed  tontixed  support,  the  olher  play»  over  a 
scale  euitalily  diviiled.     Fig.  2^S). 

A  T<gi»taring  hiffiromefrr  is  formed  of  n  thin  reetnngnlflr  strip  of 
wood  cut  aerobs  the  grain,  about  one  ineh  wide  and  ten  long. 
Pine  are  then  pnewd  throngli  the  four  eoniers  at  etpinl  atidlen 
of  obliquity.  Their  pointe  look  in  (he  same  direction.  When 
placed  upon  a  table,  if  the  air  is  damp  the  hinder  pino  take  h<>ld 
of  the  wood,  and  aa  the  »trip  expands  the  fore  pins  are  moved 
ahead.  When  it  contracts  the  latter  take  hold,  and  the  former 
are  drawn  forwanls.  Thus  it  gradiiallv  travels  over  the  table 
registering  the  alternate  expan«ionfi  find  contractiona  of  the 
strip  of  wood  under  iuBueuce  of  tbe  variationH  in  moisture  of 
,the  air. 
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709. '  M&son'i  Hygrometer  ooiiaiatft  of  two  thermometer*,  ,A  and 
B,  Fi^.  3()t}.  uliku  ill  all  ix-5|iectt).  One  is  the  dr}-  bulb,  tJie  oikr 
the  wet.  The  latter  i»  covered  exteriorly  with  a  atrip  onineii 
which  dips  into  a  vessel  of  water,  C.  This  by  capillani*  aitnic- 
tiott  rises  therein,  and  ImtheH  the  surtiiee  of  its  thermometer. 
The  moisture  thus  raided  is  evaporated  b^'  the  heat.  If  the  air 
is  dry,  evflporatiou  is  rapid,  and  tho  coohn/;  effect  sofHcioiit  lo 
depress  the  mercury  in  the  thermometer  n  cousidenihlc  Tiuinlic>r 
of  degrees,  compared  with  the  point  at  which  it  stands  ia  tLe 
dry  bulb,  if  anioniit  of  nioistnre  is  greater,  cooling  efl'ed  and 
depression  of  the  thermometer  wre  less.  The  indications  of  tin.- 
instrument  are  given  as  drj-  bulb  bo  many  degrees,  wet  bulb  so 
ruanv. 


Fio.  30ii, 


r».  307. 


Unn  ■'■liyiTuiwiMr. 
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710.  MethoiofTakiny  the  Dew-point,— Of  all  methods  ofh,_ 
metric  mcasurenieut  that  of  taking  the  dew-point  h  the  mo^ 
satisfactory.  The  apparatus  required,  Kig.  307,  is  a  thin  glaasor 
silver  vessel,  a  good  tlierniomctor,  ice,  and  water.  The  operation 
eiinai.**ta  firrit,  \n  tiiklng  tho  tcmpiM'aturc  of  the  air,  a  small  piece 
of  ice  is  theti  plautj'l  in  the  walvr  in  the  vessel,  and  the  mixture 
stirred  with  tlie  iherinometer.  The  teinpei-ature  is  noted  from 
time  to  time,  aiid  the  exterior  of  the  vessel  watched  for  the  first 
ap])euranee  of  a  coating  of  moisture  or  dew;  the  instant  this  is 
seen  the  thennoiuutor  is  read,  and  the  temperature  is  the  dewta 
point,  or  that  at  which  dew  is  deposited  from  the  air.  '^1 

711.  The  Dew-point  and  Sensation  of  Heat. — Variation  in  the 
dew-poiut  affects  seriously  our  sensation  of  heat  A  clear  day 
on  whicli  tlic  thermometer  stands  higli,  but  the  dew-point  very 
low,  is  not  as  unbeantble  us  one  when  it  stands  much  lower,  bni 
the  dew-point  very  high,  or  close  upon  the  temperature. 

In  the   first  case,   there  may    be  twenty   degrees   difference 
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k'eeu  the  drv  aud  wet  bulb  of  a  Mason's  hygrometer.  All 
thiB  i»  available  for  evajtoratioii  of  rnointtirc  from  the  Rurfaco  of 
the  body,  and  this  ia,  aa  we  know,  a  cooling  rirocess.  Coiisid- 
urablu  exercise  uati  be  takuii  un  xuch  a  day  without  any 
atipleainant  Bensation  of  heat,  for  that  produced  in  the  body  is 
removed  by  evaporatiou  of  water  as  fast  a»  il  arises.  On 
another  day,  the  ihernionK'tur  may  stand  ten  degrees  lower,  but. 
the  wet-buib  inatninient  showing'  tliat  the  air  is  saturated  with 
dampness,  any  exertion  is  iiisiitl'orable.  There  is  no  spaee  for 
e  rap  oration,  the  air,  so  to  epeak,  cannot  take  up  any  more 
moisture,  and  we  are  drenched  with  perspiratiou  if  the  oligbtest 
activity  is  attempted. 

P  712.  Hoiitare  £xhaled  &om  the  Longt. — In  1853  1  published  a 
eeriea  of  experitneiitfl  on  this  subject.  They  were  made  with  a 
metallic  condenser,  by  which  the  error*  attending  the  (>rec-edinff 
methods  of  experimentation  were  avoided,  as  the  air  [lasacd 
through  without  obstruction.  The  film  was  one-eighth  of  an 
iDch  thick.  The  condenser  was  placed  in  a  vessel  of  water  and 
ice,  and  its  teniperntnre  maiiuaitied  iit  32"  F.  At  the  entrance 
a  thermometer  registered  the  temperature  of  the  breath,  another 
at  tlie  exit  gave  that  of  the  air  escaping.  Tlie  J'ornier  marked 
94**  F.,  tbe  latter  32°  F.  So  all  the  moisture  between  these 
points  was  deposited  id  the  apparatus.  The  condenser  was 
weighed  at  the  t>cginning  and  the  end  of  each  experiment,  with 
the  following  results: 

Ifo.  of  rtrpiratitmt  In  ons  minvte,  16, 
Dev^point  <if  brtaUt  94'  F. 

Exp*ritu«ul  I.  Gnimi  of  waUT  |ier  niiiniU    ....  41178 

Eiperiment  S.        "  •*  ••.,..  4,fiS9 

RxperiiiKint  8.         "  •'  '''....  4.S!29 

£z|iorLin«nti.        "  ■>  "  .         .         .        .  4  418 

Afemgo ....  4.4ltt 

So.  uf  retftiratiom  per  minuU,  B. 

Experiment  1.  Grains  of  water  per  minute                               .  8.602 

EEpprim«..t  2.         t<             «•                ••                    ...  8416 

Eipurimcnt  8.        "             "                "           .        .        .        .  8.7M 

Avenge ■ 1.688 


A'o.  of  rtt/ttraticms  jttr  minuit,  88. 
Ex|M>Tiin«nt.     Gnina  of  wat«r  p«r  nainuie 

Tabulating  these  experiments,  we  obtaiu: 
Mo,  of  rcAfitrmtiooi   B     Grain*  of  wiil«r  por  minute 
II  It  88.         "  "  " 


MO 


R.68« 
4.4 1< 
7.&M 


From  this  we  find  that  the  quantity  of  water  exhaled  also 
lepends  on  the  rapidity  of  the  respiratory  act. 
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The  experiments  were  continued  for  the  same  period,  viz., 
twenty  minutes.  They  were  made  ut  a  temperature  of  56°, 
and  a  dew-point  of  49°.  The  same  person  was  the  Bubject, 
being  a  healthy  adult  weighing  130  pounds. 

The  amount  of  air  in  each  respiration  was  calculated  from  the 
amount  of  water  deposited,  with  the  following  result: 

Nu.  >>r  Cubic  iiclw 

roqilratluiui.  per  miiiilf. 

6.     Least  amount  sufficing  for  wants  of  syaleoi  .511 

16      Average  denaand GTi 

33.     Utmost  extent  of  respiratory  operalion   ....     lOTT 

The  amount  of  air  in  each  normal  respiration  is  38/,;  culiic 
inches,  the  number  of  acts  being  sixteen  per  minute. 

713.  Hoistare  Exhaled  from  the  Skin. — For  exaniinutioti  of 
this  problem  I  coustructed  a  balance  in  ls62,  which,  with  a 
weight  of  200  pounds  in  each  pan,  easily  indicated  the  addition 
of  a  grain  to  either.  With  tfiis  a  great  number  of  experi- 
ments were  made  with  the  following  results,  in  which  the  com- 
bined loss  by  lungs  and  skin  is  given  : 


iDMinsible  low  jier  mlnutu. 

Tempenturp. 

I>ew-poinl. 

Day  rest 

.     0.79  gramme. 

55° 

iti" 

Night  Hieep  . 

.     0.47 

60° 

42« 

The  nocturnal  loss  is  that  which  takes  place  during  qniet, 
placid  sleep,  and  the  diurnal  occurs  when  the  body  is  kept  in 
as  perfect  a  state  of  reet  iis  consistent  with  ccjnifort,  the  time 
being  spent  either  in  writing,  sitting,  or  reading  in  a  recumbent 
posture. 

To  the  observant,  intelligent  physician,  who  has  endeavored 
to  control  the  condition  of  his  patients  by  seeking  to  give  them 
nerv{)us  as  well  iis  more  muscular  rest,  the  above  results  explain 
the  wonderful  eH'uct  which  sleep  has,  not  only  in  restoring  the 
tone  of  the  system,  but  also  in  arresting  the  great  loss  of  weight 
and  emaciation  which  attend  so  many  diseases  during  their 
restless,  wakel'ul  period,  but  which  cease  almost  the  moment 
fliiit  a  calm  night  is  granted  to  the  sufferer.  For  during  such 
a  niglit  the  insensible  loss  continually  taking  place  is  oiilv 
about  one-half  that  in  simple  muscular  rest.  A  sound  sleep 
usually  marks  the  beginning  of  the  stage  of  convalescence  in 
any  disease. 

714.  Effect  of  Exercise  on  Insensible  Perspiration. — To  determine 
this,  a  number  of  trials  were  made,  which  demonstrate  that  in 
health  additional  activity  in  the  muscles  is  the  chief  cause  of 
iucrease  in  the  rate  of  loss  by  insensible  perspiration;  and  that 
in  moving  the  body  of  an  adult  weighing  65,000  grammes  one 
mile,  44  grammes  in  addition  to  the  usual  amount  are  lost. 
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Tbe  (latii  from  which  these  roncUisJonB  were  deduced  were 
>t«iiied  by  pfTtbrniitig  a  series  of  experiments  in  w)iich  exer- 
risc,  varying  ia  duration  and   intensity,  was  nndergone;   and 
'  itcrmiDiug  the  iuerease  in  tbe  rate  of  ineensible  loss. 

lO-tboutKDdilu  mile  per  minute  moUnn,  1.16  grammv  p«r  minute  of  inwniible 
lots. 

pr  1&-ibuuwndth«  mils  par  mintits  motion,  I.OTgnimin«  p«r  minute  of  iRMiiiiblv 
Ion. 

'lS>thouutndlh>  mile  per  miniilc  motion,  1.88  punim^  p^  minute  of  inseiiaible 
kM. 

'  4l'tfaouM»dihB  mils  por  mioutv  motioa,  3.40  gratnmM  per  minate  of  iiisesRilile 
lo^ 

These  examples  not  only  bear  nut  the  Btotcment  regarding  the 
K-reaAe  in  h>88  which  follows  active  muscular  exertion,  hut  they 
aluo  nhuw  how  great  an  influence  thi»  has  in  proniotini;  ins«u- 
Bible  perKjiiralion ;  a  movement  of  forly-one  tbousandt^is  of  a 
mile  per  minulo,  which  is  equivalent  to  three  niite-S  an  hour, 
caiimng  tbe  rate  of  lost*  to  rise  from  yO  to  240,  or  three  times  the 
originat  amount.  Could  we  have  indicated  to  us  more  clearly 
the  true  channel  through  which  the  -products  of  waste  and 
decay  in  the  interior  of  the  eeonomy  during  violent  muscular 
action  arc  thrown  ott"? 

t  While  eonuidoring  tbe  evacuation  of  effete  nmtcriul  in  u  forut 
htcb  i»  not  approeiatod  hy  the  sensHw,  it  heeonjCR  a  matter  of 
interest  to  determine  whether  the  loss  due  to  muscular  action 
ccaBCs  ut)  60011  us  exercise  stops,  or  is  continued  for  some  time 
afterward.  To  answer  tliis  inquiry.  I  made  a  Heries  of  expori- 
uieuts  in  the  mouth*  of  February  and  Julv,  1803.  The  rate  of 
loea before  exereiBe  was  (in*t  determined.  I  then  walked  on  dif- 
ferent occasions  diatjinces  varying  from  one  to  tive  niilea,  and 
by  weighing  at  once,  obtained  the  lose  during  exercise.  I  tiien 
weighed  at  intcrvaU  of  twenty  minutes,  to  tind  at  what  time 
the  rate  of  loss  became  the  same  as  before  the  experiment  was 
undertaken. 

■  The  re«ultB  ohtaini'd  showed  that  the  increased  rate  continues 
ifbr  some  time  after  the  exercise,  and  it  is  necessary  that  about  an 
hour  should  elapse  before  tbe  stundan]  in  regained:  as  illustra- 
tions, a  couple  of  experiments  are  gi\-en  The  average  per 
minute  in  tbe  state  of  rest  was  0.7!)  gramme. 

ftaU  of  loM  p*r  minuU  ajttr  violent  txtrd»e, 

to.  1    Fir»l  ('JO  minutM),  1.2fi.    Second  (20  mlnutea),  0.91.     Third  (30  tninutM), 

0,70  K^""""' 
to.  3.  Fitfitr-IOmfoutet),  \.tb.    Second  (ZOtninutct],  I.OO.     Third  (20  minutes), 

O.fiO  gramme. 

Both  of  these  show  a  continuance  of  increased  mto  after  cxer- 
oeaaed.  In  the  first,  at  the  close  o\'  one  hour,  the  inson- 
fllble  lo«»  bod  not  ordy  reached,  but  had  fallen  below  tbe  normal 
standard,  0.7'J;  while  in  the  second,  in  which  it  was  greater,  it 
had  not  quite  reached  it. 
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Pbenoineoa  of  ebullition — ■Variations  in  boiling  point — Influence  of  reduced 
prei-sure — Elevation  and  boiling  point — Influence  of  elevation  of  preuure— 
Papin'B  digester — Spherical  slate — EflVct  of  pr«enc«  of  salts — Application  of 
heat  in  cooking. 
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715.  Phenomena  of  Ebollition. — When  heat  is  applied  to  a 
containing  water,  the  temperatut-e  rises,  and  currents  are  eat&b- 

liahed  which  are  perfectly  visible  if 
the  fluid  is  examined  close  at  hand. 
'  After  a  while  bubbles  of  air  escape. 
These  form  and  rise  through  the  liquid 
without  producing  any  serious  commo- 
tion. In  their  turn  they  are  followed 
by  a  singing  sound,  caused  by  steam 
bubblc'ti,  which  gather  on  the  bottom 
of  the  Husk,  and  rising  a  short  distance 
tire  condeiiBed  by  the  cool  water  above. 
The  fluid  is  thus  thrown  into  vibra- 
tion and  a  sound  emitted,  well  known 
as  the  BingiiiET  of  the  kettle.  This  lasts 
for  a  short  time,  and,  finally,  gives  place 
to  full  boiling,  in  which  the  fteam 
bubbles  maintain  their  form  until  they  break  on  the  surface. 

716.  Variations  in  Boiling-  Point. — If  water  is  boiled  in  a  rough- 
iron  pot,  violent  ebullition  is  produced  at  211°  F.,  a  degree  below 
the  true  boiling  point.  If  the  surface  is  smooth,  the  tempera- 
ture may  rise  to  214°  F.  beftire  it  is  fiairly  established.  This  is 
the  result  of  adhesion  between  the  molecules  of  the  vessel  and 
those  of  the  fluid. 

Many  litjuids,  as  sulpliuric  acid,  boil  in  a  very  irregular  man- 
ner, the  temperature  rising  a  iiuinber  of  degrees  above  the  true 
boiling  point.  There  in  then  a  sudden  violent  rush  of  vapor, 
and  the  teni|terature  falls  to  the  standard,  to  rise  again  in  the 
same  manner.  These  irregular  actions  cease  when  some  object 
which  affords  poiuts  for  the  escape  of  vapor  are  thrown  into 
the  vessel.  In  the  preceding  case,  introduce  a  few  pieces  of 
platinum  into   the   liquid  and  it    boils  in   a   quiet  simmering 


Rishioii,  all  violence  h  loet,  and  there   is  no  furtber  risk  of 
hrc-'iikiug  the  vcbscI  by  llie  sirenjrtb  of  the  ebnllition. 

717.  Inflaenoe  of  Reduced  Preunre- — 0^'  all  causes  n-bich  in- 
fluence boiling;  ])fliiit,  tliiit  of  pressure  itt  the  most  pruJbund. 
Take  &  fla^k  of  water  lioilini;  iit  ordinnry  prt'ssurt',  jionr  it  into  a 
beaker,  A,  it  will  be  cooled  many  degrees.  I'liice  it  under  the 
jar  B  on  the  air-pumr  plate  C,  and  exhauat.  In  n  few  moments 
It  again  begins  to  boil,  us  action  of  the  pump  continues  ebullition 
becomes  moi-e  and  more  violent,  at  last  it  ceases.  If  air  is  then 
wlmitted,  the  water  will  be  fonnd  to  have  a  temperalnre  so  low 
that  the  hand  ie  easily  bonn;  in  it.  By  a  diminution  of  pre»- 
sure  we  have  lowered  ihe  boiling  point  to  IOC  F.  or  lesst 


rto.  800. 


Fto.  310. 
A 
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Dopendont  npim  this  fact  is  a  curions  phenomenon  known 
as  the  culinary  paradox,  in  which  water  is  boiled  by  aj^plication 
of  cold.  A  dask.  A,  is  half  filled  with  boiling  water,  quickly 
corked,  and  place'l  bulb  iind  neck  in  cold  water,  B.  Tlie  liquid 
in  the  bulb  at  once  beeiusi  to  bnil,  and  continui's  in  that  eon> 
dition  for  some  time.  If,  before  it  ceat^es,  the  cork  is  removed, 
lliere  is  a  sudden  inrush  of  air,  showing  (hat  the  intejior  was 
in  a  vacuous  condition. 

The  explanation  ia  simple;  when  the  flask  was  placed  in  cold 

[water,  the  eteam  filling  its  upper  part  was  condensed,  a  vacuum 

WHS  formed  in  which  the  fluuf  boiled  by  virtue  of  the  law  just 

demonstrated  that  reduction  of  pressure  is  attended  by  lowering 

of  boiling  point. 

I    718.  ElevatiOQ  and  Boiling  Foist. — The  loivering  of  boiling 
point  by  elevation  above  the  surface  of  the  earth,  led  to  Its 
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utilization  for  measurement  of  heifbt.  For  this  purpose  a 
thermometer  with  large  degrees,  called  an  hypsometer,  is  used.' 
It  is  graduated  to  fractions.  The  water  must  be  pure,  it  is 
heated  to  boiling,  and  the  thermometer  introduced.  An  eleva- 
tion of  about  530  feet  causes  a  depression  of  1°  F.  in  the  boiling 
point,  and  smaller  elevations  in  similar  proportions. 

By  the  diminution  in  the  boilin?  point  following  elevation 
above  the  surface  of  the  earth,  a  position  may  at  last  De  reached 
where  the  temperature  of  ebullition  is  so  low  that  the  ordinary 
process  of  cooking  as  applied  to  coagulation  of  albumen  foils, 
and  no  etiect  of  the  application  of  heat  will  succeed  in  prodacing 
the  desired  result. 

719.  Influence  of  Elevation  of  FreHure. — Take  a  spherical  boiler 
with  three  openings,  the  1st  for  the  admission  of  water,  the  2d 
hearing  a  thermometer,  and  the  3d  carrying  a  pressure  gaage 
consisting  of  a  tube  some  three  feet  in  length  which  dipe 
into  mercury  placed  in  the  boiler.  Pour  in  water  until  it  rests 
on  the  surface  of  the  mercury,  apply  beat,  it  soon  enters  into 
ebullition  and  steam  escapes  freely  from  the  Ist  opening  throngh 
which  the  fluid  was  introduced,  the  thermometer  marks  100"  C. 
Close  the  stopcock  by  which  the  steam  escaped,  it  begiiia  to 
exert  its  elastic  force,  it  presses  upon  the  water,  and  this  upon 
the  mercury,  and  soon  we  seethe  latter  making  its  appearance 
above  the  cup  which  holds  the  tube  in  place.  At  the  same 
time  we  find  the  tliermometer  registers  a  higher  degree.  As 
pressure  increases  the  temperature  steadily  rises  until  when  a 
full  atmosphere  is  readied,  indicated  by  the  mercury  standing  at 
thirty  inches,  tlie  thermometer  registers  120.6°  C.  The  varia- 
tions of  boilitig-poitit  with  changes  in  pressure  are  as  follows: 

Tensidii  of  ike  vapor  of  water. 
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7S0,  Papin'j  Dige«ter  le  n  closed  boiler,  A,  iti  wliicli  water  is 

Llivatud  uiiilcr  {ire^surc,  uiu)  its  boiling-point  raiseii.     With  this 

lliae  it  gains  increased  power  of  acluttonover  all  kinds  of  aiiinial 

Iiid  other  substances.     Tendons,  cartilage,  and  otlier  gelatinous 

bodice  ])laccd  theroin   inidi^r  a  preBsure  of  four  or  five  atmoft- 

pheres  are  quickl_\-  disHolved.     In  this  tnanner  albuminoid  eub- 

luee  are  now  extrucLud  frucn  bonus. 

Fio.  811. 
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H^    721.  Spheroidal  State. — If  a  nietHlHc  ve?sel,  A,  is  heated  to  a 

Hbrijirbt  red  und  water  thrown  into  it,  insleud  of  bursting  into 

HBteain  it  quiully  umvctt  ahout  on  the  aiirfaeo^athcring  itself  up 

Binto  ft  sphere,  and  gradually  (iisappoara.     The  assumption  of. 

IhiK  form  i»  eulled  the  sphvroidnl  state.     Though  deeming  to  be 

in  eoiituH  with  the  molat,  i(  is  not,  hut  floats  about  on  u  cushion 

of  steam  which  heors  it  up.     Uapid  evaporation  from  its  under 

surface  doubtless  has  a  cooling  etll'ct,  anti  if  we  could  examine 

the  temperature  of  the  mass  it  is  not  at  all  improbable  that  it 

would  be  found  rjuito  cool. 

If  the  metal  is  a  tliin   platinum   capsule  and  we  remore  it 
from  the  source  of  heat,  the  temperature  declines  anrl  when  it 
reaches  a  |>oint  when  elasticily  of  the  steam  cushion  is  not 
suflicient  to  support  the  water,  it  falls  on  the  hot  iturfeee  and  is 
Imoet  instantly  dissipated  as  stoaui. 


723.  Effect  of  the  Presence  of  Salts. — Substances  dissolved  in 
l_water  tend  to  an  elevation  of  the  boiling  point,  as  tbilows: 

Wiwr  pure  tK>iU  m lOO"  C. 

Waur  utuMteii  with  rommAD  uli  boiU  M        .         .         .  lOft*  C. 

WMtor  *«t>iHt«d  with  {iijInMiiim  nitrkle  boili  *t          .         .  1  IS°  V.. 

WuMr  Mturtkicd  with  |H<liu>mrii  cvrbouate  bvila  at    ■         ,  196'  C 

Water  Mtunted  with  cali:ium  chlArlde  faoJUat  .        .        .  I'V  C. 
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Matters  merely  suspended  in  water  do  not  affect  its  boiling 
point;  they  must  be  dissolved. 

"Water  covered  with  a  layer  of  oil  may  have  its  temperature 
raised  to  ISO*^  C.  without  entering  into  ebullition,  above  this  it 
boils  suddenly  with  almost  explosive  violence. 

The  temperature  of  vapor  escaping  from  boiling  saturated 
solutions  is  said  by  Rudberg  to  be  the  same  as  that  of  pure 
water,  but  this  is  now  doubted.  One  thing  is  certain,  that  by 
passing  steam  from  boiling  water  into  a  saturated  salt  solution, 
the  temperature  of  the  latter  is  raised  many  degrees  above  that 
of  the  former.  That  is,  steam  at  100°  C.  may  be  made  to  cause 
an  elevation  of  temperature  above  120''  C. 

If  a  liquid  be  mingled  with  one  of  a  lower  boiling  point,  the 
point  of  ebullition  is  lower ;  when  with  one  of  higher  it  is  raised. 
This,  however,  is  not  always  the  case,  sometimes  the  mixture 
boils  lower  than  either  of  its  constituents. 

723.  Application  of  Heat  in  Gookiikf . — The  use  of  moist  heat 
in  cooking  may  be  examined  according  to  the  object  in  view, 
viz.,  whether  to  prepare  a  soup,  or  merely  to  cook  the  flesh. 
In  the  hrst  case  we  desire  to  extract  from  the  meat  as  much 
of  its  soluble  constituents  as  possible.  To  accomplish  this  it 
should  be  exposed  to  the  action  of  water  at  a  moderate  tem- 
perature. 

An  excellent  formula  for  preparation  of  beef  tea,  wliicli  is 
the  type  of  this  group,  is  the  following  by  Miss  Xightiijgale. 
Cut  a  pound  of  beef  into  small  pieces  the  size  of  dice  or 
smaller,  add  a  pint  of  cold  water,  and  place  in  a  saucepan  on 
the  fire.  Bring  to  the  boiling-point,  and  add  a  little  salt,  ekim 
off  any  scum  that  rises.  Sinmier  gently  for  .one-half  to  three- 
fourths  of  an  hour,  removing  any  scum  that  appears.  Strain 
througli  a  hair  sieve,  and  set  aside  to  cool.  Remove  the  solidified 
fat  when  cold,  and  serve  hot,  warming  portions  in  a  cup  as  re- 
quired. 

Another  recipe  is  to  place  a  pound  of  very  finely  minced  lean 
meat  in  a  bottle  with  a  pint  of  water.  Set  the  bottle  in  a  kettle 
of  hot  wafer  and  let  it  simmer  on  the  tire  for  an  hour  or  so, 
adding  a  little  salt.  It  is  then  passed  through  a  sieve  and  treated 
as  before. 

When  meat  is  boiled  merely  as  an  act  of  cooking,  the  follow- 
ing niotljod  is  employed.  The  object  is  to  retain  the  savory  and 
nutritious  juices  as  far  as  possible.  It  is,  therefore,  heated  quickly 
on  the  outside  by  plunging  it  into  boiling  hot  water,  the  ebulli- 
tion ceases,  when  it  recommences  the  pot  is  moved  to  one  side 
to  simmer.  The  albuminous  substances  on  the  exterior  of  the 
mass  are  thus  coagulated,  and  escape  of  juices  prevented,  while 
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'he  apntication  of  raodemto  heat  cooks  tlie  meat,  without  making 
.t  hard  »ud  indigestible. 

Tti  l>oiling  eggs  great  care  should  be  takeu  to  have  them  as 
iigestiUIe  as  possible,  where  served  to  a  eonvalescont.  The 
pro[>er  way  is  to  pUuige  tbem  ittto  a  vessel  of  boiling  hot -water, 
but  which  is  not  iHiiling — that  is,  it  should  he  removed  frt»ni 
ihe  fire.  Albumen  coagulates  at  180°  F.  or  thereabouts.  What 
la  desired  is  to  coagulate  without  hardening.  If  tber  are  boiled, 
tbe  iilburoen  becomes  pnreeliincous  and  hard.  It"  water  is 
treated  in  the  ruauner  indicated  the  egga  cool  it  at  once,  and 
the  cooking  is  accomplislied  by  a  tcniperutaro  not  much  above 
180*  F.  Cooked  in  this  manner  they  are  simply  coagulated, 
the  albumen  is  in  a  floecutent  condition ;  not  hardeued  and 
porcelaneous.  and  very  digestible. 
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lb  th«  bnt  conducloif— DiflVrcni  niclale  conduct  diOercotI; — Action  of  gaum 
m  IUrim— TtiD  Dftvy  Uni(i — Gw  furnuct* — Structure  i>f  daRM — Blovpipa 
flkiiM* — Co  nd  lie  I  ion  by  uitilo  bbrlcs  Liquids  are  poor  omduotorft— Appli- 
cation in  ken:4«nc  furnaco— Con vMtion  of  beuU— Uuthrnnal  liD«»^I>Utul 
uideoiitlocnialclinjute — Non-conduclioo  of  dew — Oanith«  wotsteondiioton. 

724.  Metals  the  Best  Coadactors. — Take  ilie  apparatus  known 
'as  the  Ingenhaus's  trough,  consisting  of  a  metallic  box  some 
three  iiiL-hos  i^^juure  on  the  end,  ancl  about  eight  inches  long. 
From  the  front  there  project  rods  about  one-elghth  of  an  inch 
in  diameter  and  three  in  length,  made  of  different  materials- 
wood,  porneiaiii,  glass,  metals.  Pour  molted  wax  on  these,  and 
when  cool  till  the  Unx  with  boiling  wati;r.  The  wax  soon  begins 
to  melt,  aud  the  distance  to  which  fusiou  extends  is  the  measure 
of  conducting  power,  providing  the  specific  heats  are  about  the 
same. 

Another  method  is  to  attiich  shot  to  the  bar  by  wax.  As 
heat  passes  they  drop  one  after  another.  By  both  arrangemente 
it  is  Ibuud  that  metals  couduct  heat  the  best,  porcelain  and 

rood  being  far  behind. 
A  simpler  contrivance  for  exhibiting  the  same  result  consists 
iu  taking  a  rod  of  metal  about  one  inch  in  diameter  and  six  long^ 
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titid  unnthor  of  wood  the  same  size.  Qnp  a  sheet  of  paper  ooce 
tirouiKl  the  former  and  hold  it  in  the  flame  of  a  spirit  lamp.  It 
may  bo  held  therein  for  some  time  without  being  scorched. 
Then  grip  it  around  the  latter.  It  is  scorched  almost  at  once. 
Ill  tho  tirst  instance  the  metal  conducted  the  heat  away  from 
the  paper  quickly,  and  prevented  its  temperature  rising;  in  the 
second  tho  wood  could  not  remove  the  heat  by  couduction,  con- 
ootiuently  tho  paper  was  scorched. 


Fui.  ;ti3. 
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7ft5.  Different  Metali  Conduct  Differently. — Take  a  wire  of  cop- 
per. A,  one  of  brass,  B,  one  of  iron,  C,  of  the  same  diameter  and 

about  twenty  inches  in  length.  On  the 
end  of  each  make  close  flat  spirals  of 
equal  size.  At  a  distance  of  four  inches 
frt^m  this  twine  the  wires  together  in- 
timately, making  a  ball.  LX  Attach  the 
appanttus  to  the  ring  of  a  retort  stand. 
On  each  spiral  place  a  small  piece  of 
phosphorus.  Coder  the  ball  of  twisted 
wire  put  the  tianie  of  a  Bunseu  bamer, 
or  a  large  spirit  flame.  E.  The  air  must 
W  as  tree  from  motion  as  possible. 
Ai^or  a  ::!i:e  the  hear  wi!'.  Lave  pa;?eJ 
alv"*:.!:  tlo  ctvi-er  wi-c  aii  i  ::?  ['hor- 
.,.  ,  •;  ■  .TLis  ■a:"  V-v  :s::.-:e*i.     In  tv.ke  this 

".ir.,-.  .r  .  "T.iTrr  :L;i:  on  ::.e  l>rijs  wire 
r.r\\      1  :,s:  iV.  '::.i  :r.'..  '.v:..  re  .u;re  a  .■'r.-;:  j'-erlM  t'^r 
".jT^'-'tt   :it  .....      *I--ta.s,  t-.^j-rc-rrTe.  oor.- 


v,.-i\ 


;.j'.  ^ — 


yi-,:  ;\  ^:..;i..  :Le7r.::'-t.-:- trc  pa:r 
.■":■,;■.:.:::■-.      Re:  rvsev.r.n^  thai 


-* 


>1».  .^   ,>.■,-:■::: : 


--  ^■^^.  B.  t:z. 


-  .  .L.    .-."ITrV? 
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By  means  of  this  property  we  are  ennbled  to  8t«dy  the  char- 

lurter  t>f'  flames.     LuDkitig  (luwit  into  one  thus  obstrauted  vro 

find    tliat   ic  uotmiKts  of  »    Itiiiiicious  riii^,  the   interior  being 

.  perfectly  dark — that  is,  it  <loes  not  show  any  combustlou  action. 


Piu.  3U. 
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727.  The  Davy  Lamp. — This   property  of  ganzee   ro   prevent 
Lge  of  flaiiiti  is  uLili/^il  in  tbu  Davy.     It  conaifitB  of  a  Qame 

irrouuded  by  ganzu  in  th(>  origitnil  and 
by  glass.  A,  in  Clanny's  inodlfioatiori;  above 
this,  all  direct  free  contact  with  air  is  cut  otl' 
by  a  cylinder  made  of  copper  gauze,  B.  A 
lamp  of  this  description  can  be  lowered  into 
ajar  tilled  with  illuminating  pis  without  set- 
ting it  on  fire — indeed,  the  flame  is  extiu- 
fuiHlifd.  In  a  mixture  of  air  and  carburetted 
ydrogen,  though  there  may  be  irregular 
combustion  inside  the  lamp,  the  explosive 
atniogplicre  on  the  outside  is  uot  ignited. 
Therefore,  it  is  called  the  safety  lamp. 

^V^lc^c  explosions  have  oecurrc*!  though 
tlic  Davy  lamp  was  in  use,  they  have  generally 
arisen  by  the  flamo  being  driven  against  the 
gauze  by  a  blower  or  almiig  outward  current 
of  gft*  from  n  fiftflure  in  the  walls  of  the  mine. 
They  have  a  I  ao  repeatedly  happened  by  ilirect 
expo^nre  of  the  llamtj.  In  one  case  n  work- 
man had  struck  the  gau;:e  cylinder  against  a 
nail  to  hang  up  the  lamp,  when  'J.  was  removed  the  exterior 
atmosphere  gained  access  through  the  opening  and  au  explueioa 
rcsnlted. 

726.  Oas  Fornaoes. — These  consist  of  a  chamber  in  which 
illuminating  gits  is  mingted  with  air.    The  mixture  is  then 
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passed  through  a  wire  gauze  and  ignited  on  the  opposite  Me. 
By  this  device  a  non-luraiuous  flame  is  produced  useful  for 
a  great  number  of  purposes  in  the  arts.  It  is  also  commonly 
employed  as  a  source  of  heat  in  domestic  economy. 

729.  Straetore  of  Flame. — In   connection  with  the  action  of 

fauzes  on  flame  a  word  is  to  be  said  regarding  its  structure, 
'he  interior  is  hollow,  as  we  have  learned ;  it  is  also  cold,  for  if 
we  immerse  a  piece  of  paper  edgewise  vertically  into  it,  we  find 
that  the  luminous  ring  has  scorched  its  edge,  leaving  two  burnt 
places  with  an  untouched  portion  between  them  ^^ich  repre- 
sents the  central  portion  of  the  flame. 

The  same  fact  may  be  shown  by  pouring  ether  on  water  in 
a  capsule  some  two  inches  in  diameter.  Ignite  it,  it  gives  a 
voluminous  flame.  Then  with  a  metallic  support  introduce  a 
piece  of  phosphorus,  as  it  passes  the  luminous  ring  it  catches 
tire,  but  the  blaze  is  extinguished  the  moment  it  reaches  the 
interior.  Withdraw  it  and  it  is  ignited,  reintroduce  it  and  it  is 
extinguished.  The  experiment  may  be  repeated  many  time?. 
Hence,  the  centre  is  cold,  combustion  going  on  only  in  the 
bright  ring  which  surrounds  it. 

730.  Blowpipe  Flames. — When  by  means  of  a  blowpipe,  B,  air 
is  fort'od  into  a  fliinie,  A,  its  whole  character  is  changed.     A? it 

is  driven  on  one  side  we  notice 
a  sharp  interior  blue  cone,  AR, 
just  beyond  or  at  the  tipoftliis, 
K.  is  the  hottest  part.  Witliiu 
it — that  is,  toward  the  point  of 
the  blowpipe — there  is  a  reduc- 
tion effect  from  the  excels  of 
carbon  present.  Beyond  it  at 
O,  there  is  oxidation  from  ex- 
Bi,.v.i.LiK>  iiiimi..  cess  of  hot  oxygen.     By  proper 

use  of  its  different  parts  and  the 
employment  of  suitable  fluxes,  an  analyst  is  enabled  to  discover 
the  great  majority  of  ordinary  elementary  bodies.  Indoe<I.  bloiv- 
pipe  aTialysis,  as  it  is  called,  constitutes  a  special  and  very  com- 
plete system  for  qualitative  examination  of  all  kinds  of  mineral 
substances. 

731.  Conduction  by  Textile  Fabrics. — As  a  rule,  these  fibres 
conduct  better  along  their  length  than  across  it.  There  is  also 
great  ditterence  according  as  the  character  of  fibres  varies. 
]lumt"ord  Tiiade  a  series  of  cxperinicTits  with  linen,  cotton,  wool, 
and  silk  to  determine  their  relative  conducting  power.  For 
this  purpose  he  took  a  flask,  and  having  provided  a  good  ther- 
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niomcter  its  bulb  w»£  adjusted  to  be  in  thu  middle  of  that  of 
thy  tlaftk.  The  B[»ace  between  tlie  llierniomeler  bulb  iirid  the 
wall  WHS  then  loosely  filled  with  the  articles  in  eucceasioii.  The 
time  ruiiiiired  for  thu  tempuruture  to  rise  throueh  a  eivcii  uuin- 
ber  of  (le^ree^  when  the  flask  wus  immersed  m  boiling  wutor 
Vi'Att  noted.  This  became  for  each  substance  the  index  of  its 
conducting  power.  He  found  that  linen  waathc  best  condnctor, 
next  cotton,  wool,  silk,  eider-dowu,  and  then  the  under  fur  of 
the  hnro. 

Iti  those  exp*?rimpnrs  it  was  also  delv^rmined  that  closeness 
and  luoseoesa  of  package  bad  an  important  efleet.  Tbe  tighter, 
the  better  tbe  conducting  [wwer.  In  our  domestic  arte  we 
find  numerous)  ilhmtrations  of  this.  Illankcts,  for  example,  are 
much  warmer — that  ie,  are  worse  conductors — the  more  loosely 
thoy  arc  woven. 

792.  Liquids  are  Poor  Coaductors. — Tiike  a  Sanctorio's  or  deli- 
cate air  tbermonteter,  A.  Va^n  its  stem  tli rough  that  of  a  funnel, 
B,  with  its  bulb  enclosed  in  tlie  body  uf  tbe  bitter. 
Make  the  space  between  tbe  tube  of  the  thernio- 
meter  and  llie  «tem  of  the  t'unuel  water-tight  with 
wax.  Then  till  the  latter  witb  water,  covering 
the  bulb  by  a  Inyer  one-eigbth  of  an  inch  thick. 
The  diameter  of  the  mouth  of  the  funuel  is  sup- 
posed to  he  about  fonr  inches.  Pour  on  the  water 
•ome  ether.  Ignite  it  and  a  powerful  flame,  C.fonr 
incbetf  in  diameter,  and  twenty  or  more  in  height, 
IB  produced.  Great  though  tlie  heal  from  this  is, 
it  has  no  effect  whatever  on  tbe  index  liquid  of  the 
delicate  thermometer,  though  separated  therefrom 
by  only  oueeigbtb  of  an  inch  of  water.  After  a 
time,  it  is  true,  a  flligbt  movomeitt  may  be  noticed 
by  conduction  of  tbe  heat  downwards  by  the  glass. 
From  this  experiment  we  learn  that  water  is  a 
very  poor  conuuctor. 

muilsdan. 

733.  Application  in  Kerosene  Fornaoe. — The  above 
property  of  uon-cotHliiction  of  bciit  is  applied  in  keroseue  fur- 
naces. This  tinid  is  very  va[^»orizable,  and  the  stoves  in  which 
it  is  burned  would  easily  become  lieatcd,  and  probably  explode, 
were  it  not  for  the  use  of  water  to  protect  the  oil.  Tbe  reservoir 
IB  so  arranged  that  it  can  be  covered  by  a  fllm  of  water  half  an 
inch  thick.  Through  this  the  tubes  bearing  the  wicks  paaa. 
Tbe  layer  of  liquid  Ia,  therefore,  between  the  tlames  and  the  top 
of  the  ve«sol  containing  the  oil.  It  completely  cuts  oil"  the 
passage  of  heat,  and  muy  be  used  without  risk. 
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784.  Convection  of  Heat. — Fill  a  flask  three-fourths  full  nfirateT, 

and  drop  into  it  u  t'uw  piuce«  of  uinU;r.     Apiilv  a  Qiiine,  B,  io 

the  bottom.    The  pieces  of  aiiiiHT  rie^.  jwu*  np 

Fio.  318,       through  the  centre  of  the  fluid  to  its  surfflce.ihty 

nr^  then  turn  outwards  to  the  niar|dn.  and  dt»cml 

rT  along  the  glass  to  the  point  of  applicnlion  of 

I    I  hoat.     The   umhor    merely    indicates  the   coarec 

i    1  which  the  currents  are  taking.     At  the  point  of 

^Rk»^^        application  of  the  flame  ihe  liquid  i*  warmed.it 

m*^'  expands,  uud  rigem  tlirmigh  the  flurroundlng  will 

y.  '/         fluid  to  the  surface.    Thence  it  again  pasAcs  dowa- 

wards  to  take  the  place  of  warmer  portions.  Tims 

ar  A  movement  of  rotution,  or  ratlier  circiilafion.i* 

^^g  ^         established  in  the  flaak.     Finally,  all  portions  art 

u»<uDiMk.BDt     equally  warmed. 

biM  br  MfTOiii.  In  place  of  umhor,  fcrrocyanide  of  copper  cnn  bu 
employed.  It  is  prepared  bv  pouring  a  few  drow 
of  strong  solution  of  sulphate  of  copper  into  the  water  in  tU 
flask,  a  little  ferroeyanide  of  potaasuim  is  then  added,  when 
the  dark-brown  ferrocyautde  of  eojipt-r  form.'*.  TIiih,  after  » 
time.  (Settles  to  the  bottom,  and  demnni^trates  the  ealahlislHiitiil 
of  currents  in  the  fluid  in  a  most  satisfactory  manner  when 
heat  \&  applied. 

An  ingenious  illustration  of  the  manner  in  which  liquids  iirc 
heated, consists  in  takinga  large  test-tuho, filling  it  three-fourlhi 
full  of  water,  and  dropping  into  it  a  piece  of  ice  weighted  witL 
copper  or  lead  wire.  Then  hold  it  in  an  inclined  position,  bov 
forty-five  degrees.  Apply  a  fianie  to  the  middle  of  the  column. 
The  liqiiid  above  the  point  of  application  quickly  boils,  while 
that  below  retains  its  onginal  lemperattirc.  nnd  the  ice  is  not 
melted.  Thus  we  have  ice  at  the  bottom,  and  iKiiling  water  at  j 
the  top  of  the  tube.  The  portion  above  is  boated  by  the  correntu 
established  therein,  hut  these  do  not  pasH  below  that  point. 

736.  Zsothennal  Lines. — By  revolution  of  the  earth  all  parts 
of  its  surface  on  the  same  parallel  should  ho  ecpially  lieateil. 
This,  however,  is  not  tlie  case,  owing  to  the  interference  of  the 
great  oceans,  in  which,  by  the  agencv  of  curreutB,  there  is  a 
tendency  to  the  es(abli*ihment  of  equality  of  temperature  in  all 
its  parts.  li,  therefore,  we  draw  on  the  globe  line!>  of  equal  tem- 
perature, or  isothermal  lines,  w«  find  that  on  the  eastern  side* 
of  continents  they  pass  much  higher  than  on  the  western,  the 
deflection  being  mainly  due  to  oceanic  currents  of  warni  water 
which  trend  towardtt  the  northeast  in  the  northern  hemisphere. 
and  bathing  their  eastern  borders  with  warm  water  give  a  motet 
warm  climate  in  regions  far  to  the  north. 

Many  can.ses  influence  the  climate  of  a  given  region  of  tha 
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T3irlh'«  surface:  Ist,  Utfihuleor  distance  from  the  equator.     Other 
thiiieii  equal,  the  further  north  wc>  go  tiie  eooter  it  is. 

■      2a,fimttion.     The  higher  we  nub  above  the  earthV  surface  the 
■cooler  it  is.     In  the  following  table  the  ro«uit«of  Mr.  Olaisher's 
avcmge£  of  reduction  of  temperature  with  inereaee  of  elevation 
■for  Great  Britain  are  given. 

Hflgfct.  Qof  tkT.  Cloixljr  tky. 

0  to    1,000  TwU  1"  F.  in  189  f«cl  l»  F.  in  222  ft«l 

0  to  10,000  rwt.  l"  f.  ill  2flS  feet.  1"  P.  ill  8AI  froU 

0  to  :!U,OOU  fbet.  I**  F.  in  3fA  fwt.  l"  F.  in  468  frM. 

8d.  CioraUsin  theair  or  winds.  According  as  prevailing  winds 
»ct  from  a  northern  or  southern  direction,  so  is  their  influence 
for  wannth  or  cold. 

»4tfa.    Cwrrenta  in  the  ocmn.    These  we  have  already  considered. 
730  A.  Island  and  Continent  Climate. — The  range  of  variation 
in  tempcralnrea  in  greatest  in  the  interior  of  a  continent,  and 
Bniftllest   on  iftlands  in  ntid-ocean.     Tins  is  best  seen  in   the 
following  tablee.     In  both  co^es  tho  tcm])eruturc8  are  given  in 
_  Centigradu  degrees. 

^K  Marine  dimafea. 

^B  WiMtf.  tanner.  DUfct^fw*. 

■  FknebUiidt.                       .      i.W  ll.flO«  7.tV 
V  Itiv  t^  tTnat  ShDllind)    .              4.(*SP  U.fiV  l.^'" 

■  I»te  of  Man       ....       !>.r,V*  U.Of^  !>-41^ 

■  Pornwnce          ....       7.04"  Ifi.ftS*  6.7V 
^L^     UeUun 6.11*"  1«.00"  9  81° 

^^^^f  Qtntiimtvl  elimatea. 

^^^^  winter.  Vunow*.  IHfTiiMn, 

H  St.  F«lenl>Hr|:  .  —ft.~(y*  ir>.9S°  •JiJUi" 

W        Mmcuw  ....       — io.2a»  iT-w         2t.t;" 

■  KwMi       ...  —18.68°  17  36°  111.01° 

■  &Ut.>u»t    .  — I8.J9»  ie.08»  3267° 

■  Irkuuk     ...  — 17.ft8°  lft.OO°  SS-fW" 
B  Jukouuk  ...  — 88.IW»  17.20°  W.10° 

H  736.  5on-condn()tion  of  Dow. — Wc  have  Men  how  a  thin  tilni 
P  of  wator  prevents  the  [Hi»(iiige  of  heat  niilesa  currents  are  e*tat>- 
linhed  in  the  fluid.  By  virtue  of  this  non-tronductiug  power  thin 
films  of  dew,  made  tip  largely  of  minute  drops,  become  most 
important  factors  in  protecting  plants  from  sudden  change  In 
weather.  When  it  has  formed  on  their  leaves  and  other  tiMuea^ 
any  further  loss  of  heat  is  prevented  by  ita  non-conducting 
power.  It  tlius  acts  as  a  gunrtl  or  protection  against  lose  of 
caloric,  and  the  plant  is  enanled  to  resist  further  decline  in  its 
[^temperature. 
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737.  Oaaei  the  Wont  Conductors. — The  lack  of  conductiDg 
power  in  gases  is  well  known.  Double  windows,  down  in  birds, 
under  fur  in  animals,  all  act  by  entrapping  a  layer  of  air  and 
taking  advantage  of  this  power.  Loosely  woven  clothing  also 
utilizes  the  low  conducting  power  of  a  film  of  air.  Winters  in 
which  there  is  a  heavy  fall  of  snow,  by  the  protection  it  affords 
to  grain,  are  always  followed  by  an  abundant  crop,  the  enow- 
having  shielded  the  ground  from  the  action  of  frosts. 

As  with  liquids,  gases  are  finally  warmed  throughout  by  the 
establishment  of  currents.  In  illustration  of  this,  let  a  piece  of 
phosphorus  be  burned  in  a  jar  of  oxygen,  a  complete  circulation 
of  gas  is  at  once  seen,  the  course  of  its  molecules  being  indicated 
by  the  flakes  of  phosphoric  anhydride  floating  therein. 


CHAPTER   XXXYII. 

RADIATION  AND  TRANSMISSION. 

Riiilinnt  lieiit  jmssos  in  Etniii^ht  lino.s^Rodecti'in  uf  bout — Indiicncfl  of  surfncesrid 
djlor — Enii.-siiin  of  heiil,  iidI  siijiorlii'iiil — Ab^'irption  of  hejit — Tninsmif-inn 
of  lie  lit— Theory  of  exi'haiiges  of  he«l — Fiirmution  of  dew — A|iiili('nVio[i  "f 
radiant  licut  iti  (.'i>okiiii.'. 

738.  Radiant  Heat  Passes  in  Straight  Lines. — If  we  staiul  in 
front  of  a  brightly  burning  fire  we  fuel  the  impression  of  heat 
upon  the  face  and  othor  pui'tn  of  the  Ijody  exposed  to  its  action. 
If  ji  hook  or  other  opaque  object  is  iiiterpoaed  between  the  face 
and  the  source  of  heat,  it  is  completely  cut  ofl".  Keniove  it,  and 
Hgiiin  warmth  is  ex|>crienced.  From  this  we  learn  that  heat 
from  a  tire  moves  in  straight  linea  like  the  radii  of  a  sphere. 
Hence  it  is  called  radiant,  because  it  escapes  from  the  body 
equally  in  all  direction.s  as  radii.  This  eflect  moreover  is  as 
well  marked  in  vacuo  as  in  air.  Heat,  like  light,  is  the  resultant 
of  vibrations  in  the  ether. 

739.  Reflection  of  Heat. — As  with  light,  radiant  heat  may  be 
reflected  when  it  fulls  on  a  polished  aurface,  and  the  law  is  the 
same  a.s  for  light.  Two  parabolic  mirrors  set  in  proper  relation 
to  each  other,  a  cannon-ball,  or  ignited  mass,  placed  in  the  focus 
of  one,  a  small  piece  of  jdiospliorua  in  that  of  the  other.  At  a 
distance  of  twenty  or  thirty  feet  the  phosphorus  is  quickly 
iguited.     The  rays  of  heat  from  the  tirst  mass  are  collected  by 
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the  mirror,  sent  forward  from  itti  surfuce  ae  parallel  rays,  which, 
ini[>iiiging  on  the  face  of  the  secoinl  mirror,  are  reflected  to  its 

rfoL-us,  anii  concentrated  upon  the  object  placed  tliere.     This  is 

[known  a&  the  Florentine  experiment. 

Stibfltanccs  possess  ver_v  dift'erent  reflection  powers. 


{UBbcIIdi 

■rlratliii 

fVWtt. 

fontur. 

Ijilv«rnlat« 

.    97. 

Pnllsh^d  plalixiim 

BO. 

Oo\d 

.     95. 

St«wl 

88. 

Brau 

.    98. 

Zinc  . 

»L 

Ht«ailiiin  fnoinl 
■Tin  . 

.  8e. 

Iron  . 

7T- 

.     85. 

Surfucos  which  are  not  ])oUshed  diH'uee  the  heut  they  receive 
ID  the  same  manner  ns  thev  treat  light.     Kach  minute  particl« 
scatters   it.     Yet  they  seem   to  possess  special  powers  iu  this 
—.Tei^iect,  partieulurly  if  they  are  white;  for  example: 

W      740.  Infltienee  of  Surface  and  Color  on  Radiation. — Take    a 
cuhical  box  with  faces  four  inches  square.  A,  and  mount  it  on  a 

rio  sict. 


rHIAulm 

While  Icd^l  HL' 

Powdered  rilver  70- 

Cbromite  of  load 60, 


liM)t>'«  imnlilM- 


vertical  axis  to  allow  it  to  turn  thereon,  and  each  of  its  faces 
brought  in  succession  to  the  distance  of  ten  inches  from  the 
blackened  hull)  of  a  differentia)  thermometer.  Kach  must  be 
put  in  a  dillerent  physical  condition.  The  first  iwlishcd,  second 
slightly  roufrhcned.  third  very  rough  and  soniewhiit  'iark,  fourth 
as  rough  and  black  as  poftsible  to  make  it.  Pour  into  the  box 
boiling  water,  turning  the  tirst  face  towards  the  thermometer, 
note  its  e6ect  there  on  reading  ofl'  the  numl>or  of  degrees  through 
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which  the  liquid  moves  in  a  piven  lime.  Kti]>uat  the  exporiiuent, 
in  order,  with  each  for  tlie  sflnie  period,  jHiurin^  in  lYenh  boil- 
ing wtiter  every  time  to  avoid  all  question  ol'irregnlanly  of  teiti- 
perature.  It  will  tiefoniid  thai  the  fourth  or  rough  blaL-kEurfnee 
16  the  best  radiator,  that  it  raises  the  thorraometer  tbrougb  a 
given  number  of  degrees  in  less  time  than  any  of  the  otliere. 
Next  comes  the  third  surface,  then  the  Becond.  then  iht  fini. 
The  instrument  \s  known  as  Leslie's  cuniater. 

Color  Hcem^,  however,  to  be  a  minor  tiietor  in  producing  lhi» 
result,  for  a  whitened  surface  radiated  as  much  heat  to  a  llieniio- 
pile  as  a  hiaekcnod  one.  The  bulb  of  a  thermometer  coaled 
with  a  white  layer  of  alum  absorbs  radiant  heat  better  than  onu 
coated  with  iodine  powder,  which  id  nearly  black. 

741.  Emiision  of  Heat  not  Soperfleial. — For  examination  ufdat 
question  a  Leslie  canister,  the  eturfaces  equally  poli*he(I,  is 
taken.  <!>ne  remains  in  it»  iiormnl  slate,  Hie  others  are  varnished, 
an  increasing  number  of  coats  being  applied  to  each.  Thccwi- 
istor  is  then  experimented  with  as  liefore,  when  it  in  fcHind 
that  one,  two,  or  more  coats  add  to  the  radiation  power.  The 
improvement  continues  for  a  dozen  or  more,  when  it  remains 
Btiitionary  for  a  Time,  and  then  begins  to  diminish.  From  this 
we  find  tliat  radiant  heat  is  given  ott'to  a  certain  depth  from  di« 
Burfacti  of  a  body  and  i»  not  an  absolutely  superficial  action. 

742.  Absorption  of  Heat. — Bodies  who^ie  nupcrticial  eondition 
enables  tliutn  lu  radiate  lieat  well,  aitiu  ubsorb  it  well.  A  rough 
black  Hubstance  is,  therefore,  a  good  abflorber  an  well  a&  railiator. 
Such  bodies  are  bad  reflectors,  while  good  reflectors  are  had 
radiators.  An  application  of  Ibis  is  oiiered  by  an  ordioutj' 
polished  teapot.  Its  briMiant  surface  onablea  it  to  retain  the 
temperature  of  the  fluid  for  along  time,  the  higher  the  poU 
tlie  beit(.T  it  acts  in  this  respect. 

Of  all  subetances  lampblack  is  the  be^t  absorber  of  heat, 
index  standing  higher  than  iliatof  any  other  body. 

743.  Transmission  of  Heat. — While  light  passee  through  all  cleftr 
or  tnnisparent  bodies  with  but  slight  low  dcpo.ndent  upon  their 
color  and  degree  of  opacity.  It  is  not  so  with  riidiaitt  heat.  -A. 
sheet  of  perfectly  clear  glass  is  <iuite  transparent  or  diathrrmoia 
to  the  heat  emitted  from  u  red-hot  cannon-ball,  but  opaque  or 
olhermous  to  that  given  oft"  by  a  boiling  tea-kettle.  Mica,  rock 
salt,,  and  cermiu  other  Hubstanceti  bear  the  same  relation  to  heat, 
that  glass  bears  to  light;  that  is,  they  transmit  it  with  perfect 
facility,  whether  it  cornea  from  a  body  with  a  high  or  low 
temperaturo,  though  Ihey  may  not  in  themselves  Iw  perfectly 
clear  to  light.  Licleed,  a  black  mica  almost  opaijue  to  light 
traasiuits  radiuut  heat  ot  low  intensity  with  great  freedom. 
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Theory  of  Exehsn^s  of  Heat. — A  hot  substance  jilaced  in 
a  room  radiates  its  beat  to  J4urrouucHng  bodies  and  tlicnc  to  it 
also,  but  tlie  former  eives  it  otY  more  rapidly  lliati  tliu  latter. 
Aa  a  conseqiienoe,  it  does  not  receive  aa  nuifh  aa  it  yieUlB.  Its 
temperature,  therefore,  declines,  and  finally  when  it  rcachei^  that 
of  the  others  U  becomee  Btatioiuiry,  receiving  aa  much  oa  it  dis- 
penses. ' 

The  eooliiig  of  a  substance  is  due  ttret  to  radiation:  second,  to 
conduction  by  the  support  on  which  it  rests;  and  third,  to  con- 
diiction  by  the  currents  of  air  which  bathe  its  surface  and  rise 
^erefrom  in  a  heated  condition. 

740.  Formation  of  Dew. — In  ancient  times  it  was  au)<pocied  that 
dew  LMthur  fi-Il  t'niiii  tiie  h«aveii«,  nr  was  eraponited  from  the 
earth;  the  moon,  they  said,  exhaled  cold  and  caused  vapors  to 
rise.  Wo  now  know  that  it  is  nimpiy  a  condensation  of  moisture 
from  the  air.  At  sundown, when  jdants  no  longer  roceivewarmth 
•  from  the  suu,  tlicy  continue  to  radiate  otF  tbeir  heat  into  space. 
AfU-r  a  time  tlieir  toinpt<raturo  falls  to  the  point  at  which 
moisture  from  the  air  will  condense.  Dew  conso^juently  formi 
on  their  surfaces.  The  coaling  thus  produced  autti  us  a  pro- 
tection against  a  further  decline.  Other  things  being  e<^uaU 
deposition  of  moisture  takes  place  first  ou  surfaces  dark  and 
n>m;h,  and  later  on  the  smooth  and  light  coloreil. 

The  pix'sencc  of  a  etoud,  by  radiating  beat  back  interfV-'rcs 
with  tliis  proce«8.  We  do  not  tind  dew  deposited  ou  a  cloudy 
nigbt^  it  must  be  clear,  to  allow  heat  to  bo  freely  radiated  olt' 
into  space,  and  temperature  sutficiently  reduced  to  reach  the 
dew-poiut.  Anything  tike  a  screen,  or  which  can  radiate  heat 
back  to  the  plants  or  other  objects,  acts  in  the  same  manner, 
and  will  prevent  formation  of  dew  for  u  long  time. 

For  the  theory  of  dew  we  arc  indebted  to  Dr.  Wells,  of 
South  Carolina.  It  has  the  merit  of  being  simple  and  com- 
plete and  meets  every  condition.  It  is  also  tnc  natural  outcome 
of  the  theory  of  exchanges  of  heat. 

746.  Application  of  Radiant  Heat  in  Cooking. — Tn  this  the  same 
ol)jc4't  itt  to  b<-  attained  a^  in  the  application  of  a  boiling  heat. 
The  albuutinous  material  in  to  be  coagulated,  not  hardened,  and 
the  juices  retained.  The  inethudsare:  Ist,  roasting;  2d,  broil- 
ing; 3d,  baking;  4th,  frying,  which  may  be  added  as  ou  appli- 
cation of  dry  heat. 

Tn  roastint},  the  meat  is  spitted  (not  put  in  an  oven,  that  » 
baking^,  and  placed  in  an  open  tin  reflector  in  front  of  a  bright 
fire.  At  first  it  is  placed  quite  near,  that  coagulation  of  the 
oxtorior  layers  may  be  accomplished,  the  mass  being  turned  on 
the  apit  until  the  coattug  is  complete,  it  is  then  removed  to  a 
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little  distance,  from  time  to  time  basted,  and  the  cooking  con- 
cluded at  a  more  moderate  temperature. 

In  broUing  the  meat  is  treated  much  in  the  same  manaer  as  in 
roasting,  an  exterior  coating  of  coagulated  albumen  is  produced 
by  a  sudden  strong  beat,  and  the  cooking  finished  at  a  lower 
degree.  A  little  salt  is  generally  dusted  on  the  coals  just  before 
the  meat  is  put  on  the  broiler,  the  object  being  to  clear  the  fire. 

The  merits  of  baked  funereal  nteats  have  been  sung  bv  ancient 
poets,  and  it  is  well  that  we  should  leave  their  coDaideradon 
in  their  hands.  They  are  inferior  in  every  respect  to  those 
which  are  roasted.  The  meat  is  apt  to  be  imbued  with  the 
melted  &t  in  which  it  rests.  Such  &t-8oaked  meat  is  not  as 
digestible  as  that  which  is  roasted  and  ^m  which  the  melted 
fat  has  dropped.  The  action  of  the  gastric  juice  uiwn  it  la 
interfered  witn,  and  it  passes  from  the  stomach  into  the  intestiQe 
to  be  digested  in  the  colon.  The  flavor,  moreover,  is  not  as 
pleasant  as  that  of  roasted  meat. 

In  fr^Tiff,  meat  should  never  be  put  into  a  cold  or  even  ctxA 
pan.  It  should  be  hot  and  freshly  greased.  An  immediate 
coating  of  the  albuminoids  on  the  exterior  is  thus  accom- 
plished, the  article  should  then  be  turned  and  the  oppoeits 
side  coagulated  in  like  manner.  The  absorption  of  fat  is  thus 
prevented,  and  if  the  process  is  conducted  in  a  proper  manner 
it  is  a  very  wholesome  method  of  cooking  small  quantities. 
This,  however,  it  is  not  easy  to  do,  and  it  was  a  maxim  of  Na- 
poleon that  in  armies  the  frying-pan  killed  more  men  than  the 
bullet,  by  the  indigestions  and  gastric  derangements  of  which 
it  was  the  cause. 
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of  htxt  in  xho  hody— Cooling  proetfi — Uot  nnd  culd  blf>cded  ariitiuil»— ' 
EITi-cu  lit  cxpiiauK  ta  cold— DiMrlbulion  of  )>lunLi  lUid  «niin«lt — t^tn.  o( 
^K        brat  by  tho  boilj-. 

H  747.  Sooroe  of  Heat  ia  the  Body. — The  Icoding  eoorcca  of  heat 
^ire,  oxidaliorie  oCfarbuii  urid  hydrogen.  The  rcauhs  of  tliese 
combinations  are  carbon  dioxide  and  water.  The  former  exists 
_  to  a  very  finiall  extent  in  tho  atmoBjihere,  while  the  laltur  ie 
present  in  nnurh  larger  ^iroportion.  If  we  can  prove  that  either 
10  greatly  increased  during  the  process  of  rebpirution.  we  must 
arrire  at  the  c-uiielusiun  that  Iho  heal  uf  the  body  arises  prinianty 
as  a  process  of  oxidation  of  these  enhstancee. 

If  two  hnndred  cubic  inches  of  air  be  drawn  through  lime 
water,  a  small  quantity  of  precipitated  carbonate  of  lime  forms. 
If  through  another  epeeimen  we  blow  two  hundred  cubic  inches 
from  Uie  lungs,  a  very  considerable  precipitate  of  calcium  ear- 
bonftto  appears.  We  have,  there-tore,  dem on gt rated  that  carbon 
dioxide  itt  formed  in  the  body  tu  a  very  hirge  uxtent,  and  that 
it  is  exhaled  from  the  lungs.  All  proresaes  of  union  of  carbon 
and  oxygen  generate  heat;  we,  therefore,  find  that  the  atiimal 
beat  of  our  syKtenis  haa  its  origin  in  oxidation  of  carbon. 

716.  Cooling-  Froc«B8. — By  the  oxidation  of  carbon  and  hydro- 
M  contained  in  titts,  oils,  starch,  and  sugar,  an  cnormoas 
amount  of  heat  is  generated  in  the  nyslem.  8oiue  provision 
must  he  made  for  removal  of  tlie  excL-tm  over  and  auove  the 
actual  wants  of  the  body.  The  means  by  which  thin  ia  accom- 
plished is  the  evaporation  of  water  from  the  muccua  membrane 
of  the  lungs,  and  skin. 

Water,  in  its  evajKiration  eorries  off  no  less  than  1000°  F.  of 
latent  heat  (686).  In  the  vapor  arising  from  the  body  it  is 
more  than  tliat.  If  to  the  lOOft*'  of  latent  heat  wc  add  212^  the 
sensible  heat  of  steam,  %ve  tind  that  the  actual  amount  of  lieat 
in  steam  or  vapor  is  121*2°.  Fnnii  (Iiih  take  the  tempemture 
of  the  latter  as  it  escapes  from  the  lung;',  say  lOO'*  F.,  and  we 
have  1]12°  as  the  latent  heat  of  tlie  vapor  coming  from  these 
organs,  and  representing  the  cooling  efiect  of  vaporization  oti 
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the  Bjstem.    To  tbis  must  be  added  the  difFeren<^  ^letn-een  tW 
temperature  of  the  air  and  100^  V.,  to  obtain  the  full  effect 

Anything  which  tends  to  increase  the  ^ikpor  in  air  Ibmhu 
tiiis  action,  and  oouiiueg  the   heat  generated  to  the  eretem, 
Therefore,  when  air  is  loaded  with  it,  and  the  dew-point  gtwidll 
high,  a  very  profound  eftect  is  produced  upon  the  body.  Vipori-fl 
Katiuu  eanuut  take  [ilacu  intoan  air  already  saturnlud  with  moist- 
ure, and  comfort  is  only  found  in  rest  as  perfect  as  poaMblc 

749.  Hot  and  Cold  Blooded  AnimalB. — Between  tlie  two  jito- 
ces«e»  of  oxidariiui  and  evaporation  the  balance  is  struck  in  a 
healthy  body,  anil  the  loniperature  roiuaitis  at  a  fixed  degree. 
In  all  hnr-bloodod  uniniats  or  thtwe  which  poaaeas  a  fixed  dcgiee 
any  departure  fnmi  tbi(>  is  fraught  with  danger.  Therefore  it  is, 
that  the  physician  watches  that  of  his  patient  with  such  zbalou« 
care,  and  when  he  8ee»*  a  tendency  for  it  either  to  rUc  or 
abnoruially,  does  all  that  liea  in  his  power  to  comhat  these 
ditions. 

lu  cold-blooded  animals,  on  the  contrary,  the  respiration  func- 
tion 18  less  perfect.  Heat  is  not  ^^encratcd  to  the  same  extent 
as  in  hot-blno<lc<i  mammals  and  birds.  Their  temperature  risw 
and  falls  witli  that  of  the  medium  in  which  they  live,  whothei 
water  or  air,  though  it  is  generally  a  few  degrees  higher. 

Certain  aninmls  sleep  throughout  the  winter  iwason.  During 
this  condition  of  hibermUion,  as  it  is  called,  respiration  beLx>inM 
exceedingly  slow  compared  with  its  normal  &tate.  lu  the  bat 
it  falls  from  2CMJ  to  HO  per  minute,  and  can  hardly  be  detected. 
The  teurecs,  though  in  a  tropical  climate,  pass  three  months  of 
the  year  in  a  torpid  state.  Uibcrnation  seems  to  depend  rather 
upon  a  scarcity  of  food  than  upon  climatic  conditions. 
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750.  Effects  of  Exposure  to  Cold. — Tiie  following  results  wer« 
obtained,  in   l.ST'J,  in  an  attempt  tu  determine  the  quantity  ot    < 
heat  pa-i^aing  off  from  the  surtiice  of  the  body,  by  finding  how 
much  it  would  eievate  the  temperature  of  a  known  mass  of  coflU 
water  during  a  given  period  of  time.  ^^ 

The  manuei*  of  experimenting  was  as  follows  :  Seven  and  ^* 
half  cubic  feet  of  cool  water  were  drav\ii  into  a  bath,  and  tlio 
temperature  taken  after  careful  mixing.  The  bath  was  then 
covered  over  for  about  four-fifths  of  its  extent  to  prevent  the 
action  of  currents  of  air,  and  at  the  close  of  an  hour  it  was  again 
tested.  The  rise  of  half  a  degree  represented  the  amount  of 
heat  absorbed  from  the  air  during  one  hour,  and  was  deducted 
as  a  normal  error  from  the  results  afterwards  obtained. 

Dunng  the  time  occupied  in  determining  this  normal  error 
(viz.,  one  liour),  1  lay  on  a  sofa  to  bring  the  circulatory  ud 
respiratory  functions  into  a  condition  similar,  as  regards       ' 
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tion  of  the  boilv,  to  that  to  which  they  would  be  submilted 
wliilc  in  tlie  bath.  My  <lriyis  during  this  phase  of  the  usperi- 
ment  conaiated  of  a  tbin  flannel  Buinmer  undershirt,  linen 
drawers,  and  cotton  socks.  At  the  completion  of  the  hour 
theKO  were  removed  with  as  little  exertion  uh  poflsildc  and 
I  8tepp«il  into  the  bath,  and  lay  down,  allowing  only  the  head 
to  project  above  the  Hurfara.  At  the  elotit)  of  an  hour  thu  leni- 
peratnr«  of  the  hath  wan  again  taken.  I  then  left  it,  and  dry- 
ing myself,  reusaumed  the  same  dre»«  and  lay  down  ouee  more. 
Throu;jhout  the  whole  of  eaub  experiment,  the  de\v.point,  the 
tt-mperalure  of  the  air,  that  of  the  bath,  armpit,  mouth,  and 
temple  were  taken,  together  with  the  rate  of  respiration  and  the 
]>ulsc. 

Since  in  these  experimcnte  two  aeries  of  phenomena  are 
inveHtigated,  I  have  for  the  aake  of  elearnes!*  of  description 
separated  the  results  in  accordance  therewith,  and  direct  atten* 
tiou  tiret  to  the 

Quantiti^  of  heat  cvolvtdfrom  Iht  body. 

Dtuhif  fat  llurlag  uuticoi. 

Julr  t.  Sn\y  Z.  Jul;  11. 

Tcnij..  ..r  »ir WV  W  P.  8«°  F. 

Wm  Lull.  ll.«.rtt.um«ter     .         ,  .7ft*  K.  TB"  P.  71"  P. 

Ei|tcrinieiit  coiiiuii-noed  at       .  .         .   11. -10  A.M.       12.111  l>.u.       II-.'jOa.U. 

Ttmp.  1.1  WftWr  wh«n  dmwn   .  .    TSj"  K  78^°  P.  76"  F. 

Temp,  "f  wHier  Hi  ll)<]  I'lid  nf  HI)  hiuir  <jn  • 

•niering  ibo  bulb "*•  F.  74*  P.         76J*F. 

^nip.  of  H*t«r  »t  th«  close  of  iin  hour  on 

Iftiving  th«  iMth TftJ"  P.         7«J"  P.  73"  P. 

Hmi  irotMrtml  to  th«  water,  doductlnc 

nonnal  em-r 2"  P.  8°  P.  S'  P. 

KVolunie  vf  watvr  in  Uio  Iwlli H  cubic  f«ot. 

KVolumc  nf  xho  body H    cubic  f««L 

"tt'eJKht  i.f  ilic  l..«l,v IBO  lb». 

Heifbi  tf  lbs  l>«dv &  feet  6)  incbm. 

In  the  first  and  second  expe'rimenta  I  laid  perfectly  etill ;  the 
to  therefore  show  the  quantity  of  heat  pa9.sliiEf  off'  frotn  the 
of  the  body  in  a  state  of  rest.  This,  a»  the  table  indi- 
FcateA,  could  warm  seven  and  a  half  cubic  feet  t»f  water  two 
degrees  in  one  hour.  The  volume  of  the  body  beiu^  three 
cubic  feet,  it  follows  tliat  if  wo  consider  itsApccilic  heat  as  about 
the  Bfltnc  iLs  that  of  water  (which  it  prolwihly  is),  enough  heat  is 
evolved  in  the  course  of  one  hour  to  warm  the  body  itaelf  about 
five  degrees  of  Fahrenlieil'a  scale.  The  cotiverse  of  this  may 
also  be  considered  as  true,  viz.,  that  after  death,  the  air  being 
at  73°,  enough  ia  lost  in  the  course  of  the  first  hour  to  cool  the 
body  five  degrees.  It  is  therefore  a  fiict  of  considerable  im- 
portance from  a  medico-legal  point  of  view,  eepecially  in  esti- 
;niati)ig  the  time  a  body  has  been  imniented  in  water  after  recent 

8» 


610  HEAT. 

drowning  when  the  temperature  of  the  water  is  about  73',  as 
the  Croton  and  other  streams  in  Bummor. 

In  the  third  experiment  one  or  other  of  the  lower  extremitieB 
was  alternately  kept  in  motion  during  the  last  half  of  the  hour. 
The  movement  consisted  in  extending  and  flexing  the  leg  on 
the  thigh  at  the  rate  of  fifty  per  minute,  and  being  performed 
under  the  surface  involved  considerable  muscular  exertion. 
Notwithstanding  this,  as  the  table  shows,  there  was  no  material 
increase  in  the  amount  of  heat  imparted  to  the  water.  The 
consequences  flowing  from  this  result  are  of  great  pbysioloeical 
importance,  but  we  reserve  their  consideration  until  we  Save 
completed  the  history  of  our  experiments.  We  therefore  pass 
to  the  examination  of 

The  physiological  effects  of  the  cold  bath  on  the  body. 

Experiment  of  July  4, — Rest — Temp,  of  Bath  74"  F. 


I        I        3  3  {        4  6  6 

T^mp.  be-      Immpd.     Aft^ninehnur'    Immed        One  hour    Tirohi")ii 
fdrp  enter-  ■fler  onler-    in  the  talh    .  aOor  tnt-  |  after  lo»v-   tSb/r  lin- 
ing the    I    lug  the     uidjiurt  brfure     Ing  tho     |    iLg  the    '    log  iht 
bkCh.  bath,  lekvJDg  it.  bath  bMli.  talh. 


Temp,  of  the  moiilh, 

1    99°  F. 

,    99°  F. 

98°  P. 

\   97°  F. 

97°  F. 

"           "        armpit, 

96°  F. 

97°  F. 

96°  F. 

92°  F. 

9fio  F. 

"           "        templo, 

9fi°  F. 

1 

94°  F. 

Kate  of  respiratiiK],  . 

•2(1 

'   2"* 

ifi 

13 

,    ^^ 

19 

Kate  of  pulse 

74 

1 

\7B 

t;b 

'    .'■.4 

'    60 

72 

No/e. — A  chill  or  shock  was  experienced  on  entering,  and  the 
sensation  of  coolness  remained  while  in  the  water.  Skin  was 
dry  and  hot  for  an  hour  and  a  half  after  coming  out.  Perspira- 
tion set  in  and  skin  became  cool  in  two  hours  and  a  half. 
Shortly  after  leaving  the  bath  slept  for  thirty  minutes. 

Experiment  of  July  .>, — Rfs't — Temp.  i>f  Bath  74°  F. 

'        1  2  3  4  6        ,        fl 

'  Ti^mii.  bo-       Imni«1       .Mloroncbour,     Imniwl.        One  honr     Two  hnun 
.  liiriM'iitiT-  after  i-iilpr-     In  tiie  bolli      nftcr  Ipftv-    after  leST-    after  !r»i- 
'     in(:  the     i     iti):  tbo     nndjuatbrfure     iug  tha         log  the     ,    lag  tha 
I      Imtb.  bath.      '    IvarlDg  it.     .      bath.      l      bath.      I      batfa. 


Temp,  of  the  month, 

99°  F. 

.    99°  F. 

98°  F. 

■    97°  F. 

97°  F. 

98°  F. 

"           "        iirmpit, 

1    98°  F, 

97°  F.    ' 

94°  F. 

94°  F. 

97°  F. 

,    97°  F. 

"           "        temple, 

1    9T°  F. 

9o°  F. 

9r.°  F. 

90°  F. 

96°  F. 

Eate  uf  respimtion,  . 

17 

21 

18 

15 

16 

16 

Rate  of  pulse,    .... 

73 

1 

1    fi6 

64 

'  5r, 

r>6 

00 

Note. — Symptoms  same  as  in  experiment  1,  but  not  as  well 
marked;  slept  thirty  minutes,  as  in  preceding. 
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ill  the  tables  we  troinpure  column  1,  representing  the  con- 
dition before  entering,  with  column  4,  reproacntiiig  that  imme- 
diately alter  leaving,  we  tiuU  that  in  both  the  exuo«ure  for  one 
-hour  to  water  at  u  tciupcratiirc  of  about  74^  F.  lowered  the 
■empcraturc  of  the  month  two  degrees,  the  armpit  four,  and 
uio  temple  two.  The  rate  of  respiration  in  also  liimiiilehud  in 
one  ease  two  and  in  the  other  four  movements,  the  pul^^e  twenty 
"  eats  in  one  and  twenty-three  iu  the  other.  It  is,  therefore, 
ndent  Ibat  the  eltectH  of  lung-continued  application  of  a 
Icgree  of  cold,  as  that  employed,  is  to  reduce  the  t«mp6ra(ure 
if  the  body  and  the  rate  of  rcfipirution  slightly,  while  it  allecta 
"ic  rote  of  pulsation  in  a  very  profound  manner. 

One  of  the  consetiuences  of  this  eJtect  of  cold  on  the  acUou 
of  the  heart  wad  a  great  reduction  in  the  ijuautily  of  oxygen 
introduced  into  the  system.  The  rate  of  pulsation  being  cut 
down  nearly  one-third,  the  quantity  of  oxygen  conveyed  into  the 
interior  of  the  body  was  diminiHhcd  in  a  eomewhat  simitar  ratio. 
In  »  short  time  thi:«  begau  to  exert  ite  influence  on  tlie  nervoua 
centres,  and  there  was  an  overwhelming  dispoflition  to  fall  asleep, 
wliich  was  unconsciously  indulged  in  in  both  oxperimentfl  shortly 
aller  leaving  the  butli,  notwithstanding  the  strong  desire  to  keep 
awake  in  order  to  record  the  rate  uf  pul^e  and  respiration  at. 
given  periods. 

Auotlier  evident  consequence  of  such  a  sluggish  movement 

|pf  the  blood  is  the  disposition  to  congestion  of  various  internal 

ni^ana,  and  herein   we  may  see  a  partial  explanation  of  the 

action   of  cold  iu   causin*:;   inflammations,  especially  of  those 

organs  engaged  in  proocssoa  of  secretion  and  excretion. 

The  discussion  of  the  results  obtained  has  thus  far  been  con- 
fined to  the  ronsideriition  of  columns  I  and  4,  I  have  followe<l 
this  course  because,  while  in  the  bath,  a  slight  access  of  water 
to  the  armpit  or  to  tlie  temple  causes  irregularities  in  the  ther- 
raoraetric  indications.  In  the  respiratory  movements  it  is  also 
very  difficult  to  avoid  aflccting  them  in  the  act  of  counting. 
^Jic  mnutii  temperatures  arc,  it  is  true,  free  from  the  influonco 
p>f  external  agents,  but  the  differences  are  too  small  to  be  per- 
fectly reliable.  In  the  pulse  determinalions  none  of  these  ob- 
jections can  he  urged;  they  are  considerable,  and  by  counting 
half  a  minute  for  every  record  made,  the  error  is  reduced  to  a 
maximum  ol'  one  beat.  The  muveiuents  of  the  heart  are,  in 
addition,  free  from  the  liability  to  errorthat  exists  in  respiration. 
Accepting  the  pulse  Hotermiiiations  as  being  accurate  and  re- 
liable indications  of  the  etiocta  produced,  while  in  tlio  bath  and 
out  of  it,  we  return  to  the  consideration  of  the  tables,  and 
compare  together  columns  1,  S,  and  4.  Recollecting  tliat  1 
represents  the  condition  on  entering,  and  3  that  just  before 
ivittg,  after  an  immersion  of  one  hour  we  find  that  the  pulso 
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wae  reduced  nine  beats  in  tho  first  eipcriment,  and  fourteen 
in  the  second.  If  now  we  compare  3,  the  condition  just  Uciore 
leaving,  with  4,  that  just  uf^er,  we  tind  Uiut  the  rate  of  pulae 
baj4  diuiiniehed  eleven  beat-'^  in  the  lirst  and  nine  in  the  wcond 
experiment.  The  explanation  of  this  extruordinary  redactiot 
is  by  no  means  clear.  One  thing  is,  however,  very  cvideni, 
and  that  i^i,  the  profound  efl'ect  of  tliu  application  of  cold. » 
shown  not  only  by  the  Bingidnr  phenomenon  of  which  we  hiTt 
Juiit  apoken,  but  also  by  the  ulowne^s  with  which  the  orlgtDal 
rates  of  pulsation  are  regained,  ae  demouHtniled  hy  colauiift 
6  and  6. 

The  motion  experiment  of  July  11th  gave  the  aanie  geuenl 
physiological    results   as   the  rest  trials  of  July  4th  and  Sill. 
The  difterence  being,  that  during  the  former  the  respiratcry 
niovemcntx  became  30  per  minute  and  the  puUe  90,  bolli 
gaining  the  rate  represented  in  the  tatter  very  Ronn  aftc-r  coi 
tiou  of  exercise.     Placing  this  great  increase  of  the  respirat   , 
movement  in  juxtaposition  with  the  failure  of  the  exercise  lo 
cause  any  perceptible  increaiie  in  the  tem]>ei-ature  of  the  balh, 
it  is  evident  that  the  contact  of  cold  wat-er  must  put  an  almost 
absolute  stop  to  tlie  functions  of  the  skin,  and  the  whole  doty 
of  e.\balHtiou  of  vapor  of  water  and  consequent  removal  of  bent 
is  tJjrown  on  the  lungs;  hence  the  inoreaRcd  riwpiratory  ariion, 
and  also  the  special  tendencj*  of  application  of  cold  to  the  sur- 
face  to  produce  iiiflammatioue  of  tho«o  organs  by  increasing  the 
work  they  are  obliged  to  perform,  atu)  raising  the  pultw-respir^j 
tioD  ratio  to  that  actually  existing  in  pneumonia.  ^H 

In  conclusion,  it  may  be  observed  that  the  primary  and  mo^^ 
important  effect  of  the  application  of  cold  to  the  whole  snrfai* 
of  tho  U)dy  is  to  reduce  the  action  of  the  heart.  This  reduction 
is  still  further  increased  on  rcniovine  the  cold,  if  the  iijtplication 
has  continued  for  n  sufficient  length  of  time  ;  and,  as  a  conse- 
quence, tlie  phenomenon  of  stupor  or  sleep  appears,  caused 
either  by  deficient  oxidation  or  hy  imperfect  removal  of  car- 
bonic acid.  There  is  also  n  tendency  to  congestion  of  various 
internal  organs,  especially  of  the  lungs. 

761.  Dittributioa  of  Plants  and  Auimals.—Tempcrature  exerts 
an  important  control  over  the  distribution  of  plants.  The  grain 
belt,  for  example,  in  the  western  part  of  tho  uuited  States  runs 
far  to  the  north.  As  a  rule,  the  distribution  follows  closely  on 
the  isothermal  lines  pnd  is  dependent  thereon,  tliough  other 
condititiiiB,  as  water  8U])ply,  have  a  most  important  inHiierice. 
On  slopes  of  mountains  in  warm  regions  everv  variety  of  fruit 
is  found  in  tho  range  of  a  few  miles.  This  is  said  to  be  the 
case  at  Quito,  where  tropica)  fruits  may  be  uoolcd  with  ioe 
brought  from  the  mountain-top.     Animals  are  also  distributed 
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on  the  earth  accorditi^  tu  tliurtiial  liuec;.  Tbu  doj^  and  i.'al  a^ 
conipuiiioim  tu  iimii  are  perhaps  more  generally  found  Ilrnn  any 
otber  creature*. 

7A2.  Loss  of  Heat  by  ihe  Body. — Tn  cases  in  wliioh  life  has  l>een 
destroyed,  the  questiou  ol'  the  time  at  wliich  ibe  murder  was 
conimitlL'il  is  often  nno  of  importance.  The  teni|H->ratnre  of  the 
body  at  the  time  of  its  discovery  is  an  invaluable  evidence  in 
this  respect,  and  one  by  no  means  to  bo  overlooked. 

Mmi3'  conditions  are  to  be  considered  :  lat.  Tempemturo  o( 
the  air  at  tlm  time;  2d,  Character  of  the  surface  on  which  the 
IhmIv  lias  lain  sitice  tlie  crime  was  committed:  8d.  Condition 
of  the  body  as  regards  obesity.  The  taf.t  of  these  often  exercisoa 
a  wonderful  eflbct,  the  temperature  being  retained  lor  a  very 
long  lime. 


CHATTER  XXXIX. 
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[etion  of  npliRcU)  ligliU— Acliuii  of  rtapiratioa — Object  of  v«iitilntion — R^ 
movnl  of  fniil  Kir — Vi>nti)«tion  of  '■Ivk  rt>i>ni> — Wnrmiitg  of  buukes— Ths 
eliKfcutil  bruKler — Open  firopliiow— The  «u>ve — ^(cam-pipw  in  ivomi — Upt- 
«r  furnaces — Simui  fiirnacu — Supply  of  v\yot — Wmlhor  itripf — Joule's 
DiKhftnicMl  squivilent  of  hmt. 

753.  ActioD  of  Artificial  Ligbtt. — The  support  o£  corahustion 
In  caiitlteK.  lainp^^,  gaa,  and  other  artificial  fMiurccs  of  light  im- 
plies the  removal  of  oxygen  from  the  air  of  the  apartment,  and 
the  substitution  of  carbon  dioxide  in  it«  stead.  The  atmoe- 
phoreisthus  vitiated  or  rendered  impure  by  a  double  action, 
the  removal  of  the  tife-!)ustaining  oxygen,  and  the  substitution 
of  noxious  cflrbon  dioxide. 

If  cnmbufltioii  is  from  any  cause  incomplete,  carbon  mon- 
oxide is  also  evolved,  the  action  of  which  upon  the  economy  \b 
exceedingly  deleterious. 

704.  Aotioa  of  Respiration. — Tlie  proceeses  of  life  also  tend  to 
vitiation  of  the  air.  We  have  seen  that  the  animal  heat  of  the 
body  is  the  resultant  of  processes  of  oxidation  or  combusition. 
('arbon  and  hydrogen  are  actually  burned  therein.    In  their 
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combustion  we  have  showii  that  carbon  dioxide  or  carhonir  nM 
gBB  and  water  arc  produced.  Thiei  action  tukcB  place  tliroui^b- 
out  the  syalem.  Every  cell  in  the  course  of  itn  life  is  a  conMimer 
of  oxygen  and  a  final  exhaler  of  carbonic  acid.  Air,  therefore, 
in  this  case  also  sufterR  a  doublo  vitiation,  remDval  of  iviiole^'.imo 
oxvgen  and  evolution  of  toxic  carbonic  acid  gas. 

Begidos  carbonic  acid,  other  dcteterious  Godiee  are  evolved. 
Ammonia  in  small  quantity  iRa  nonnat  constituent  of  the  air  of 
expiration.  Sulphuretted  hydrogen  h\»o  in  mitiute  i^uaDtitri^ 
given  ofl'  both  by  ekiu  and  lurigH.  In  addition,  cert»)ti  ur^riic 
oonetituenrs  are  exhaled  which  are  exceedingly  deleierioiijL 
Their  presence  may  be  proven  by  breathing  through  colorles* 
strong  Bulphuric  aciil,  aller  a  while  it  is  clarkcued  by  action 
of  the  acid  upon  the  bodies  in  queatioD,  their  carbon  bei 
acparated. 
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766.  Object  of  Ventilation. — To  maintain  the  air  of  an  ajiart- 
racnt  in  which  pfojile  are  living  in  a  pmper  state,  so  ihai  inol 
ingredients  are  removed  and  a  copious  supply  of  fresh  invigorat- 
ing air  intrmiuced,  it>  the  object  of  all  processes  of  %'entilatiou. 

As  a  rule,  it  id  accomplished  by  taking  advantage  of  the 
fact  that  air  when  heated  expands,  and  thus  gains  ast^-enstoual 
power.  That  from  an  illuminating  tiame  hai^  a  tomner-aiure 
far  above  2000**  F.,  consequently  though  carbonic  acid,  winch 
is  the  chief  product  of  the  conibutition,  is  heavier  than  air, 
in  the  case  in  question  it  is  expanded  four  times  its  original 
volnme  at  the  moment  of  formation,  and,  therefore,  has  great 
ascensional  power.  It  rapidly  accumulates  in  the  ui>per  part  of 
tlie  room,  as  we  can  easily  satisfy  ourselves  by  placing  a  chair 
on  a  table,  and  mounting  thereon  take  a  few  inhalations  of  llio 
air  in  that  region.  Little  by  little  carbonic  acid  by  sluw  diflu- 
sion  passes  downwards,  and  thus  at  last  is  equally  aud  slowly 
diseominatc<t  throughout  the  apartment. 

In  products  of  expiration,  it  is  trno,  the  temperature  may  not 
be  above  100*^  F.,  hut  the  carbonic  acid  it  contains  is  mingled 
with  a  very  large  proportion  of  air.  In  fact,  it  constitutes  only 
three  or  tour  per  cent,  of  the  mixture.  When  cast  out  from 
the  body  the  whole  volume  having  a  higher  temperature  than 
Uiat  of  the  surrounding  atmosphere  rises,  and  in  like  manner 
tends  to  accumulate  in  the  upper  part  of  the  room.  ^^ 

786.  Removal  of  Foul  Air. — The  vitiated  air  being  in  the  uppe^" 
part  of  the  npartuienl,  it  is  evident  that  there  is  the  proper  place 
for  an  onenin":  to  allow  its  exit.  Here,  then,  it  should  be  ar- 
ranged, hut  that  is  not  sufficient,  a  circulation  must  be  estab- 
lished. To  this  end  an  aperture  near  the  floor  roust  be  provided 
tlirough  which  fresh  air  from  the  outside  may  enter  and  tb 
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allow  exit  of  the  foul  air  to  continue.  In  this  way  a  current  18 
eetablUhed.  Close  eitbur  lowur  or  uppur  opi-iiiii^,  uikI  ut  once 
the  movement  coaxes. 

In  ordinarj,-  houses  flues  are  built  to  serve  as  the  means  of 
exit  for  foul  air.  As  a  rule,  those  iirc  pla<:cd  in  the  outsido 
walls  where,  being  in  contact  with  the  outer  air,  they  arc  cold. 
I  J3eiug  cold,  the  curixsnt,  such  as  it  is,  is  downwards  instead  of 
upwards.  Hold  a  piece  of  lighted  paper  opposite  the  re>fiater 
or  opening  of  sucu  a  flue,  and  in  plnt-e  uf  tlie  tlarae  being 
drawn  into  it,  it  is  driven  outvvardH  into  the  room.  To  avoid 
this  reverse  action,  as  it  might  he  called,  all  tlues  intended  for 
couvejrance  of  foul  air  from  au  apartment  should  be  placed  in 
the  chimney-stack  where  a  fire  is  burning.  By  their  vicinity  to 
the  smoke  tlue  they  will  be  boated,  and  containing  warm  air  an 
upward  movement  will  iilways  take  place  when  air  is  admitted 
at  their  baac — that  is,  when  they  open  into  a  room. 

In  this  case,  as  in  the  preceding,  entrance  for  fresh  air  must 
be  provided.  This  is  generally  ottered  by  the  hot-air  tlue  which 
communicates  with  the  furnace. 

707.  Ventilation  of  Sick  Booms. — ^Thc  provision  of  an  ample 
supply  of  fresh  air  for  a  sick  room  is  an  essential  condition  to 
roirovory  of  the  patient.  Yet  it  is  not  easy  of  aecomplifthmcnt, 
untosit  at  the  same  time  we  make  a  draught,  which  by  (luddenly 
chilling  an  exposed  part  of  the  body  may  produue  serious  eou- 
sequcnces. 

When  there  are  no  flues  the  windows  of  an  apartment  offer 
llie  best  means.  If  these  are  of  the  old-fashioned  kind,  which 
slide  up  and  down,  it  is  u  very  simple  matter,  a  small  opening 
at  tlie  top  and  another  at  the  bottom  answers.  The  bod  must 
l>e  placed  80  that  no  draught  falls  upon  it,  and  u  curtain  or 
screen  always  put  in  [Wsiltoti  to  shield  it  completely  from 
any  lliat  ntay  Iki  establisliod.  Where  the  window  swings  upon 
hing04  like  a  door,  the  action  is  not  as  .tatisfaetory,  but  a  slight 
opening  will  generally  answer.  It  should  be  strongly  eecureain 
position  to  prevent  change  during  the  night.  By  judicious  use 
of  iwreens  the  bed  may  be  protected. 

Whore  there  arc  a  number  of  windows  to  the  room,  in  no  case 
should  those  on  opposite  sides  of  the  bed  be  opened,  draughts 
would  then  be  certainly  established.  One  window  opened  in 
the  manner  slated  will  give  all  the  ventilation  re<)uired,  and 
rarely  do  injury. 

Buildings  ventilatetl  by  mechanical  contrivances,  as  lUns, 
wheels,  etc.,  are  not  uncommon.  When  these  exist,  their  man- 
Agenient  is  self-evident. 

758.  Warming  of  Houses. — In  cold  regions  some  means  of 
seuuring  artificial  warmth  is  absolutely  necessary.     If  with  this 
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WO  can  provide  thorough  ventilation,  the  best  couditions  for 
Tiiaiut«iuiuce  of  lifo  are  ti>t>curecl.  lu  vurious  countries  differvnc ' 
means  have  been  roAorted  to.  Where  fuel  is  dear  it  Iwcomcii 
an  important  object  to  liusband  it  and  produce  the  lappnc*ti 
amoutil  of  beat  from  consumption  of  tlic  Rmnllest  qaamiiy.] 
Where,  on  the  contrary,  it  is  abundant  and  cheap  a  grcate 
degree  of  extrava^neo  is  allowed. 

hix  methods  are  resorted  to:  1st.  Charcoal  braziers;  iM.| 
Open  fireiOaceft;  8d.  Stoves;  4th.  Stenm-pipea  in  noonu;  5tb.J 
Ordiimry  hot-air  turnaccH;  6tb.  8teuni  ami  hot-water  tarnicea.' 
Each  of  these  we  shall  consider  in  its  order. 

769.  The  Charcoal  Brasler. — TIirou>fhout  the  soutli  of  Euni[H 
where  fuel  is  scarce,  the  bmzier  is  universally  employed  by  ibd 
poor.     In  the  open  air  it  is  not  objectionable,  but  in  a  room  it  if 
abontthe  worst  form  in  which  heat  could  bo  obiained.     It  eon 
gists  of  a  mere  pan  or  pot  in  which  a  few  eniberti  are  plac 
and  partly  covered  with  ashes.    The  supply  of  air  is  insutficieiif 
and  a  leading  product  of  the  combustion  is  carbon  monoxide, 
which  is  more  poisonous  than  carbon  dioxide,  since  it  causes 
permanent  change  in  the  blomi  discs  and  destroys  their  pow 
to  absorb  oayj^en.     All  the  gases  from  the  fire  escape  into  t 
room,  and  a  more  tlan<^erous  method  of  obtaiiiin";  neat  cm 
bardlj-  be  devised.     Indeed,  when  these  people  desire  to  conn 
suicide  the  favorite  method  is  to  shut  themselves  up  with! 
brazier  in  operation,  and  carefully  close  all  cracks  and  crevit 
A  few  minutes  inhalation  of  the  gas  suffices  to  destroy  life. 

700.  Open  Fireplaces. — In  Kngland  the  favorite  method  is  by 
the  open  fireplace.  This  is  an  exceedingly  cheery  way  of  o^^ 
taining  heat,  since  the  appearance  of  a  brightly  burning  fire  ^J 
enlivening  and  stimulating.  There  are,  however,  many  obje^^ 
tions  to  its  UF«e,  as  woll  as  certain  advantages, 

1st.  It  is  very  extravagant,  as  most  nf  the  heat  eoes  up  the 
chimney.  The  apartment  and  the  articles  it  contains  can  only 
receive  heat  in  the  radiant  form  from  the  hot  coal  of  the  tire. 

tid.  Tliere  is  no  direct  contamination  of  the  air,  since  all  the 
products  of  combustion   pass  up   the  chimney,  which   is  an    ! 
advantage. 

8d.  The  air  of  the  room  is  not  scorched— that  is,  the  minute 
floating  particles  are  not  charred  and  rendered  irritating  to  the 
respiratory  mucous  membrane,  as  with  stoves  and  furnaces. 

4th.  The  ventilation  is  moderately  good.     Of  course,  it 
limited  on  the  side  of  the  chimney  by  the  height  of  the  ihro 
of  the  fireplace.     From  this  it  extends  !>omewhat  upwards, 
fresh  air  is  drawn  from  the  windows,  tbe  lower  edge  of  the 
being  generally  about  the  same  level  as  the  chimney  throat. 
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h.  The  drauglits  are  bad.  All  air  required  for  combus- 
is  drawn  in  through  the  cratniiei*  una  i-revices  about  the 
room.  If  we  conic  in  lontaci  with  such  tine  currents  of  cold 
air,  thej  are  not  only  djiwigrueable  but  powtivel^-  dangerous. 
More  severe  colds  are  ciuig'lit  by  standing  at  a  window  for  a 
short  time  expoi^cd  to  these  knife-like  draughts  than  by  direct 
*xi»o«uro  to  nevorc  cold  oiitaidc. 

Laelly,  tbough  the  open  6ro  h  cheery  and  pleasant,  in  \-ery 
cold  weather  it  is  itnpoa^iblo  t(p  warm  one'it.selriu  a  f^atisfuelory 
manner.  One  if^  like  a  joint  on  a  spit,  the  side  lowanls  the  fire 
i«  too  hot  aud  that  away  fruiii  it  too  cold  for  comfort.  Like  the 
joint,  one  inuet  be  in  cuiitinuous  revolution  to  warm  all  parts 
equally. 

761.  The  StoTe  posaesaea  the  great  iidvarilage  of  being  the 
mo«t  evoiiomical  of  all  methods.  N^ot  only  is  a  larger  portion 
of  heat  from  combuation  utilized  from  the  stove  itself,  but  by 
means  of  a  long  pipe  a  targe  percentage  is  secured  as  the  pi-o- 
dnctspass  towards  the  cbimney.     Regarding  other  points: 

1st.  Direct  contaminaiicin  is  mmlerate.  The  carbon  mon- 
oxide from  the  tire,  tbough  it  does  not  pase  through  cold  iroD 
under  the  sovcrcflt  presfturos,  passes  through  readily  when  it 
is  red-hot.  Tests  applied  to  the  outside  of  a  red-hot  stove  easily 
detect  the  iirecence  of  carbon  monoxide  and  dioxide.  The  only 
way  to  avoid  their  filtration  through  the  metal  is  to  line  the 
rtove  either  with  fire-brick  or  steatite.  Direct  contact  is  thus 
cat  otf,  temperature  dues  not  rit^cso  liigli,and  pH«eagcof  iio.\iouH 
gases  is  prevented.  At  the  mme  time,  of  course,  a  very  con- 
Biderable  portion  of  beat  U  lost. 

2d.  As  air  comes  in  contact  with  the  rctl  bol  surface  the  mi- 
nute [Mrticle*  of  floating  organic  matter  it  contains  are  scorched. 
At  tirst  tbis  seeniB  a  matter  hardly  worth  consideration,  but 
when  we  note  how  numerous  these  are  in  the  track  of  a  aun- 
beani  as  it  crosses  a  room,  we  are  better  prepared  to  undenilaud 
how  serious  the  objeciion  is. 

8d.  If  ventilation  is  not  perfect  with  the  open  fireplace,  it 
certainly  is  much  worse  witli  a  stove.  In  the  latter  the  opening 
for  the  entrance  of  air  to  feed  the  fire  is  close  to  the  Hoor.  Ven- 
tilation, therefore,  is  only  in  the  lowermost  parts  of  the  room. 
In  the  upper  [>arts,  and  especially  near  tite  ceding,  it  is  very  bail. 

4tli.  The  draughts  are,  as  with  the  open  fire,  a  serious  objec- 
tion. Like  that,  the  stove  is  fed  witli  air  entirely  from  the 
apartment,  [t  is  true,  it  does  not  consume  as  much,  and  to  this 
extent  is  Icb«  dangerous. 

A  device  calle<l  the  vnifiiaiiiiff  slave  \n  iwctl  in  England.  It  in 
constructed  in  a  manner  to  take  ff^ul  air  from  the  apartment  for 
tlie  maiutenanee  of  t(s  combustion,  and  draw  a  fresh  t!U])ply 
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from  the  outside,  warm  it,  and  introduce  it  into  the  room.  In 
France  they  are  known  as  Caloriferes. 

762.  Steam-pipes  in  Eooms. — This  method  will  answer  very  well 
in  immense  stores  and  shops  where  doors  which  extend  from 
ceiling  to  floor  are  continually  being  opened  and  shut.  Iq  a 
living  apartment,  or  in  a  hospital  ward,  it  is  very  objectionable. 

1st,  While  there  may  be  no  direct  contamination,  the  indirect, 
from  failure  to  remove  the  respiratory  products,  is  serious. 

2d.  The  air  is  not  scorched  or  burned,  as  the  floating  par- 
ticles are  not  heated  above  220  or  225**  F. 

3d.  The  ventilation  is  absolutely  nil.  The  same  air  is  warmed 
or  breathed  over  and  over  again,  and  even  in  hospital  wards, 
where  large  openings  for  admission  of  fresh  supplies  are  pro- 
vided, patients  whose  beds  are  near  these  invariably  stuff  them 
with  old  clothing  and  other  articles  at  night,  to  stop  the  draughts. 

763.  Hot-air  Fomacei  arc  practically  stoves  placed  in  air 
chambers,  in  which  air  drawn  from  the  outside  of  the  building 
is  heated  and  delivered  to  the  rooms  of  the  house.  The  hot-air 
furnace  being  a  stove,  is  subject  to  many  of  the  disadvantages 
which  beset  that  apparatus. 

Ist.  The  direct  contamination  from  foul  gas  passing  through 
the  heated  iron  is  serious.  Hence,  the  odor  often  remarked  as 
atteniling  their  use. 

2(1.  Tiie  air  is  scorched  as  with  the  stove. 

3d.  Ventilation  is  excellent.  Volumes  of  cold  fresh  air  are 
drawn  from  the  exterior  of  the  building  and  forced  into  the 
rooms  or  wards.  In  place  of  there  being  an  exhaustion  of  the 
interior  of  these,  as  with  the  open  tire  and  stove,  there  is  a  coii- 
denaatinn  action.  Air  ie  delivered  in  immense  quantities.  In- 
stead of  tliore  being  incoming  currents  through  the  crannies 
and  crevices,  they  are  in  the  opposite  direction.  They  all  set 
outwards,  consequently  there  are  no  draughts. 

764.  Steam  Furnaces. — These  and  the  hot-water  arrangement 
avoi.l  all  the  objections  to  the  hot-air  furnace.  The  air,  instead 
of  being  heated  in  the  chamber  by  a  stove,  is  warmed  by  a  coil 
of  pipes  tlimugh  which  cither  steam  or  hot  water  is  passing. 

There  can  of  court^e  be  no  contamination,  either  direct  or  in- 
direct, since  there  is  no  communication  between  the  interior  of 
the  yi'iyion  and  the  air  chamber.  The  air  is  not  scorched  or 
biirne<l,  for  the  temperature  does  not  rise  high  enough.  Ven- 
tilation is  aw  good  as  with  the  furnace,  and  there  are  no  draughts. 
It  is  of  all  methods  tlie  best  and  at  the  same  time  the  most  ex- 
pensive. Considering  the  great  advantage  of  economy  which 
the  stove  presents,  it  will  doubtless  for  the  majority  of  people  hold 
its  ground  against  all  other  contrivances  whatever  their  nature. 
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7fl5  Sopply  of  Vapor. — In  hII  the  motiiods  we  liiive  considered 
care  should  be  taken  to  Diovide  a  free  supply  of  water  for  evapo- 
ration into  the  air  of  tiie  apartment     In  the 
open  fire,  a  box  A,  may  be  readily  fitted  over  P»o-  820. 

the  arch  of  the  grate  judt  under  the  mantle 
»lie1f.  From  thi*  a  pipe,  B,  shaped  like  an 
iuverted  eapital  T,  may  puss  down  close  to  the 
6re,  C,  aod  reeeive  heat  suflficient  to  keep  tlie 
water  in  the  reservoir  continually  boiling.  On 
the  etovo,  u  wetl-fillod  vessel  of  water  BhouM 
always  he  kept,  from  which  free  vaporization 
cau  take  place.  In  the  furnace  the  piuiB  in 
llie  air  chamber  nmut  he  well  charged,  and 
in  aftdition  vesKola  of  water  at  the  regi«terfl  «houl(l  be  used 
where  rooms  are  occupied  by  patients  or  co  ovale  seen  ts.  With 
steam  contrivances,  tlie  remedy  i&  very  simple,  it  is  merely  to 
allow  the  cBCJipe  of  a  little  steam,  cither  continnoosly  or  as 
required. 

765  A.  Weather  Strips. — In  furnace-heated  houses  great  econ- 
omy is  obtained  iiy  apj>lieation  of  Monihcr  strips  to  the  win- 
dows and  <»utcr  doors.  These  consist  of  slips  of  metal,  whicli 
embrace  a  narrow  bund  of  rnhber.  They  are  nailed  uu  all  sides 
of  the  window,  the  rubber  making;  a  li^ht  joint  against  the  Rash. 
In  bitter  cold  wiriter  weather,  when  a  high  wind  feirly  blows  the 
heated  air  out  of  our  hou-ses,  these  contrivances  prevent  this 
action  to  such  an  extent  that  rooms  otherwise  uninbabtiable  be- 
come warm  and  comfortable. 

'  768.  Joule's  Mechanical  Bqaivalent  of  Heat. — Fi-om  time  to 
time  we  have  bad  occasion  lo  speak  of  the  conversion  of  work 
inio  heat,  and  tt'ret'crAtl,  of  heat  inio  work.  The  best  determina- 
tion we  have  of  the  recipmcal  value  of  these  two  forms  of  energy 
IB  that  given  by  Joule.  He  comitructed  a  fan  which  revolved  on 
a  vertictd  axis  in  a  box  tilled  with  water.  The  paddles  on  the 
&n  moved  bet^vecn  stationary  ones  attached  to  the  sides  of  the 
box,  the  pnrpoBO  of  which  was  to  prevent,  as  far  as  possible, 
the  movement  of  the  water;  the  axis  of  the  fun  was  then  caused 
to  rotate  by  a  thread  wound  around  il  and  passed  over  a  wheel 
which  ran  on  friction  rollers  lo  a  weight.  The  descent  of  this 
represented  the  energy  applied,  the  rise  in  the  temperature  of 
the  water  the  lieat  developed  lhei"ehy.  The  necessary  correc- 
tions l>einK  made,  it  was  found  that  the  heat  communicated  to 
[the  water  by  the  ftgilati<»u  amounted  to  one  pound-degree  Fah- 
■renbeit  tor  every  772  foot-pounds  of  work  spent  in  producing  it. 
The  mechanicttl  equivalent  for  the  (.'ontifl;radc  system  is  1890- 
The  numbers  772  or  139Q,  according  to  the  scale  adopted,  are 
known  as  Joule's  equivalents,  and  are  rcprci^enled  by  the  letter  J. 
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CHAPTER    XL. 

HISTORT.     THEORIES.     LAWS. 

Fiisl  obserration  in  friction  electricity — Extended  to  other  bodiei — Oondoi^lon 
discovered — Du  Faye'a  theory — Franklin'i  theory — Electric  taws— Pjn- 
electricity — Electricity  by  pressure  and  cleavage. 

767.  Firit  Obieiratioii  in  Friction  Eleetrioity. — Abont  the  sixth 
century  before  Christ,  Thalea,  of  Miletus,  records  the  obserra- 
tion,  that  amber  when  rubbed  attracts  light  bodies  in  its  vicinity. 
Hence  the  name,  electricity,  from  ^^.ta-pov^  signifying  amber. 
According  to  the  philosophy  of  that  time,  this  was  explained 
upon  the  principle  that  by  friction  the  amber  became  ani- 
mated. Thus  by  a  mere  play  upon  words,  men  satisfied  them- 
selves that  they  understood  the  phenomena  observed. 

768.  Extended  to  Other  Bodies. — Under  this  system  the  obser- 
vation of  Thales  remained  without  development  until  the  six- 
teenth century  or  for  over  two  thousand  years,  when  Gilbert, 
physician  to  Queen  Elizabeth,  found  that  the  property  in  ques- 
tion was  also  enjoyed  by  glass,  resin,  and  a  number  of  other 
substances.  All  of  these  when  submitted  to  friction  showed 
the  Slime  power  to  attract  light  substances. 

In  1670,  Boyle  discovered  theelectric  spark;  closely  following 
this,  the  so-called  medicated  tubes  were  invented.  These  con- 
sisted of  a  stout  tube  filled  with  jalap  powder,  or  some  other 
drug.  It  was  rubbed  with  a  silk  handkerchief  and  the  sparks 
drawn  off  from  a  knob  in  which  it  terminated  at  one  end. 
These  sparks  were  supposed  to  carry  the  medicinal  virtues  of 
tlie  drug  with  which  the  tube  was  tilled.  Though,  of  course, 
they  did  not  possess  any  power  over  that  of  the  spark  from  an 
ordinary  tube,  they  served  the  purpose  of  extending  a  knowledge 
of  this  form  of  electricity  throughout  Europe.  Very  soon  char- 
latans were  travelling  in  every  direction  administering  sparks 
from  medicated  tubes  to  persons  suffering  from  every  conceivable 
form  of  disease. 
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769.  Cosdaotors  Diicovereil.  —  In  1729  Gray  tliBcovered  toii- 
ductors  and  non-ooiKluc'tor».  It  ia  related  tliai:  while  experi- 
tueDtiiig  witb  a  uiodicated  tul>e,  be  found  that  if  tbe  brass  ball 
at  it&  extremity  wne  connected  with  it  by  a  etring,  tbe  eluctric 
virtue,  a^  it  wbr  called,  pniwted  along  that  to  the  nail  and  ini- 
partBd  iL  cburgu  to  it.Hu  that  itatlraetiid  light  hudiea.  Kxtuiiditig 
Lie  experiment,  he  found  that  the  charge  could  pass  along  a 
string  frum  the  upper  window  of  his  bouse  tu  tlie  area,  a  dis- 
tance  of  thirty  feet. 

Having  eatistied  himself  of  the  forrectnesB  of  hie  obeervation» 
iw  WU8  the  fashion,  he  invited  a  niiniher  of  friends  to  witness 
it.  When  tbe  aBsemblngc  fiad  gathered,  being  willing,  as  ho 
relatet!t,  lo  perform  tbe  experiment  banJHoniely,  he  provided  a 

•silken  cord  in  place  of  the  coinrnon  hempen  string  fornierlv  used. 
Taking  his  station  in  the  window,  and  siihmittingthcmef^icated 
tube  to  strong  fricton,  be  found  that  the  pieces  of  paper  in  the 
area  rcniutneu  motionless.  He  then  substituted  tbe  hempen 
vtring.  when,  without  difliculty,  tbe  light  bodies  were  attracted. 
Thus  Gray  stumbled  upon  ibe  fact  that  while  some  bodies 
transmit  tbe  electric  virtue,  others  fail  entirely  in  that  power. 
In  short,  be  bad  discovered  the  existence  of  eunduclor^  orunelec- 
tries,  and  non-couductors,  insubitors,  electrics,  dielectrics,  or 
idioelectrics, 

(  TabU  of  Conductors. 


I 

I 


OMKftMfcrd  in  titeir  oritur  of  potter. 

UeUli. 

CbarwMl. 
Flunbkgo, 
Sirvtig  iK-idt 
fioot  and  lumpbUek. 

MMallic  "xidv*. 
IHIau  acids. 

KalllM!  H>luUiil)(. 

Animal  flufdi. 

titm-wmiar. 

Bain-waUi. 

Io«  mad  tuow  above  0*  P. 

LlTtng  Tcgeultka. 

Living  aoinul*. 

FUmt. 

Smoka. 

Vapor. 

Saha. 

BaraHul  atr. 

Dr;  carlli*. 

Uutiva  inloeniU. 


Ntrtfeoniluetara,  inaulaton,  or  fteetrin, 
in  tAeir  ifirei'aa  order. 

Drv  metallic oxidM,  incliidin|{ftued  alka- 
lies and  earthj  hydmlca. 

Oili,  the  deiuut  iho  beat. 

]cel»*|.>w  0°  F. 

Plioflphonii. 

Pry  rlialk  and  lima. 

Lycopodtum. 

Caoutchouc. 

Cmu  phor. 

MinentU,  non-niQlalllc. 

Maritlc. 

FiocL-laiii. 

Biil;<:<d  W'lid  und  dried  vegfitaMet. 

Dry  pap«r.  parrhmeni.  leoihcr. 

Dry  itaMa. 

WiMtl,  huir,  f«ntlt«n. 

Ttvf<\  Hi  Ik. 

Blex-hL'd  •Ilk. 

Kaw  >ilk. 

GkM  aod  vltrifled  hoi\t»,  Inctudlne  dia- 
mandi  and  lrui>pnrvnt  rr}'*lallix«d 
nineraU. 

Aiufaaltum. 

Wax. 

Sulnbur. 

R««iu  and  gutlA-ptnha. 

A  itibM'. 

Shollav. 
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It  mnst  be  andentood  that  there  is  no  such  thing  as  absolate 
conduction  and  non-condaction.  The  terms  are  merely  relstive. 
In  the  table,  that  power  gradually  diminisheB  throogfaont. 
The  metals,  which  head  it,  present  more  or  less  resistance  to  the 
passage  of  electricity.  The  substances  which  close  it,  allow  » 
small  amount  to  pass. 

770.  Dn  Faye'i  Theory. — ^Let  a  tuft  of  cotton  or  a  ball  of  piUi, 
A,  be  suspended  by  a  silken  cord.  Then  excite  a  glass  rod,  D, 
strongly  with  a  silk  handkerchief  covered  with  a  nttle  moeuc 
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gold  (bisulphide  of  tin);  bring  the  rod  in  the  vicinity  of  the 
cotton,  it  is  at  once  attracted,  B.  Then  rub  the  latter  in  vaiioos 
parts  with  the  former,  without  touching  it  with  the  hand;  now 
on  exciting  the  rod  the  cotton  is  repelled,  C.  Substitute  for  the 
glass  rod  a  roll  of  sulphur,  excite  it  by  friction,  present  it  to  the 
cotton,  and  it  is  at  once  attracted.  The  apparatus  is  known  as 
the  electric  pendulum. 

From  this  experiment  we  learn  that  there  are  two  kmdalof 
eleelricitt/,  the  first  called  vitreous  or  glass  dectricUy;  ^md  mxinii 
resinous  or  resin  electricity.  A  body  eUetrified-  by  a  charge  from  the 
vitreous  kind  is  repelled  by  a  vitreously  electrified  body.  In  like  mau- 
ner,  the  roll  of  sulphur  would  first  attract  a  light  body,  ^nd 
after  it  is  charged  repel  it;  in  other  words,  bodies  eUctrifiied  alike 
repel  each  other.  If,  however,  to  the  vitreously  electrified  ball  of 
cotton,  the  resinously  electrified  sulphur  is  presented,  the  hall 
is  attracted.  Therefore,  bodies  electrified  differently  jUtraet  each 
other. 
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t.  Fr&nkliQ'i  Theory, — We  do  not  have  two  kindB  of  heat, 

onlv  one,  iind  it'  tliiit  in  a  body  is  deficient  in  qnantity  wo  saj* 

lit  ia  cold.     So  by  Kruuklin'b  tlieory,  there  is  but  one  kind  of 

'electricity.     Of  this  all  bodien  liav«  n  normal  or  luiturol  ctiiirge. 

If  we  do  anything  (o  inereast-  ibie,  we  say  it  19  in  the  pofiitive  or 

LjiIds  state.     Jf  we  take  invuy  a  portion,  we  say  it  is  negative  or 

fininus.     Electric  conditions  may,  therefore,  l>e  represented  by 

the  -i-  and  —  ei^ins.      Whichever  theory  we  accept,  these  eigns 

are  now  used  for  both,     in  Dn  Faye'a  the   +  sign  represcnlB 

vitreous,  and  the  —  sign  resinouB  electricity. 

While  Franklin's  is  the  more  philosophical,  there  are  certain 
phenomena  not  easy  to  explain  upon  thai,  basici,  but  the}'  are 
clear  at  ouce  under  tlm  opemtion  of  Du  Faye's.  For  example, 
the  npi^KiHite  pnHHHges  of  two  ehar";es  from  a  I/eydeu  vial  when 
discharged  through  a  piece  of  car<f  board. 

I  772.  Electric  Laws. — lat.  The  general  law  of  attraction  and 
repulsion  may  he  bricDy  stated  as  follows:  Like  electricities 
repel;  unlike  attract. 

2d.  The  force  of  repulsiuu  between  two  bodies  electrified 
alike  is  inversely  as  the  square  of  their  distances. 

3d.  At  a  given  distance  the  attractive  and  repulsive  forces  of 
^electrified  bodies  arc  us  the  product  of  the  quantities  of  free 
electricity  they  contain. 

\  Sotlie»  giving  vitreiMM  tltctririty  */  ni66ed  mxVA  Ifteone  that  followt  it,  mul  rtnnOKM 
{/  mMtti  tfUK  tht  rme  that  prtetdn  ii. 


1.  CaUkin. 

2.  Dlitmond. 

5.  riHiinel. 
■4.  Ivorv. 

6.  Riic)(  vryktitl. 

6.  Wwd. 

7.  Olftw. 


8.  C*ilton. 

0.  Lilian. 

10.  Whii«  lilk. 

11.  \>ry  hand. 

12.  Wool. 

13.  S«slini(.«rax. 

14.  Colopbon;. 


ly  Amber. 

16.  Bulpbur. 

17.  C«outcb«uo. 
IS.  (luLta-reRbA. 
ID.  Preiiared  pBp«r. 
30.  CoIMlon. 

21.  Ouii'Cotton. 


773.  Pyro-electricity. — Klectricity  of  the  same  nature  as  fric- 
(ional  may  be  developed  by  heat  m  the  tournmllne.  cane  sugar, 
and  other  bodic:*.  The  former  should  be  suspended  hori7.0DtallY 
by  a  silken  tiirea<l  in  a  class  cylinder  placed  on  a  metal  plate, 
which  can  be  heated.  The  pbenDmcna  are  only  developed  at 
temperatures  between  10°  and  150°  C  As  the  plate  ia  heated, 
the  crystal  becomes  charged  with  electricity.  An  electrified 
rloas  rod  presented  tn  one  end  repels  it,  to  the  opposite  attracts 
It.  As  it  cools,  it  first  loses  its  enarge,  the  poles  then  reverse, 
tliat   whicli    was    positive    becoming    negative,   and    negative 

»  positive. 
Tlie  name  atudogoita  pole  is  given  to  that  end  which  is  positive 
while  the  temperature  is  rising,  and  cmiifogQia  to  that  which  is 
negative. 
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774.  Electricity  by  Fresaore  and  Cleavage. — If  a  disk  of  wood 
covered  with  oiled  silk,  mid  a  metal  disk,  each  provided  with 
insulated  handles,  are  pressed  firmly  together,  and  then  separated 
suddenly,  the  latter  is  found  to  be  electritied.  A  crystal  of 
Iceland  spar  pressed  between  the  fingers  becomes  poBitiveir 
electrified;  cork,  rubber,  and  a  number  of  substances  exhibit 
the  same  property  if  insulated.  Sudden  separation  of  bodies 
develops  the  best  efiects. 

Cleavage  also  produces  electric  disturbance ;  mica,  paper,  and 
all  poor  conductors,  if  suddenly  separated  in  the  dark  give  a 
flash  of  phosphorescent  electric  light.  If  glass  handles  are  fitted 
on  each  side  of  a  piece  of  mica,  and  it  is  suddenly  torn  asunder, 
one  piece  shows  positive,  and  the  other  negative  disturbance. 
A  stick  of  sealing-wax,  if  broken,  shows  difterent  electric  con- 
ditions in  its  two  ends. 

Other  sources  of  electricity,  such  as  chemical  action  and  mag- 
netism, exist. 


CIIAPTEK    XLI. 

MACHINE  AND  EXPERIMENTAL  ILLUSTRATION':?. 

Parl>'if'i'lt'<^tii('  iniK'hines — Cleiitiinfj  and  preparing  the  plate — The  spnric  in  air— 
Thelni'kcn  spHrk — Elcclrio  aurii — Disclijirge  in  vacuo — Charging  ihe  body— 
Atlniftii>n  and  ropulsiun  illiistriited — Electric  bells — Electric  vane — Conduc- 
tion illiistratfU — The  I'lectnipliiirus— Hydrw-electric  machine. 

775.  Parts  of  Electric  Machines. — For  the  advantageous  study 
of  our  subject,  it  is  necessary  that  we  describe  the  electric  ma- 
chine, though  there  are  certain  matters  involved  therein,  in- 
cluding the  action  of  points,  which  for  the  present  we  must  take 
for  granted. 

In  the  early  days  of  electricity  machines  were  constructed  of 
cyliiidtrs  of  sulphur,  of  glass,  and  plates  of  glass.  The  former 
M'ero  mounted  on  an  axis  revolved  by  a  winch,  while  the  hand 
acted  as  n  rubber.  Electricity  was  collected  by  a  row  of  points 
oil  the  opposite  side,  which  communicated  with  the  prime  con- 
ductor. These  machines  are  very  apt  to  burst  under  influence 
of  friction,  and  their  low  conducting  power  for  heat.  They  have 
gone  out  of  use. 

The  next,  the  glass  cylinder,  a  reproduction  of  the  sulphur, 
has  also  passed  away. 
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The  third  or  plnte  form  in  the  only  one  now  in  iise.     Of  its 
parU  we  grive  a  description.     Tliey  ftro  four  in  number:     Ist, 
btlic  pliLte  or  electric;  2d,  tlie  iusulatorA;  ^d,  the  rubber  or  ex* 
fcitor;  4th,  the  prime  conductor  and  points. 

The  plate  or  electric  A  i«  mounted  ou  an  axte  on  which  it 
revolves  by  agi-ncy  of  a  winch  supported  by  two  columns  fixed 
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firmly  into  the  base  of  the  muchine,  The  ptate  may  be  all  the 
way  from  a  few  inchee  to  aix  feet  in  diameter.  It  is  glana  or 
hard  rubber. 

Opposite  its  circumference,  and  a  few  inches  therefrom,  are 
the  two  insulators  13  B,  which  arc  stout  glass  supports  fixed 
,  firmly  into  the  hose  of  the  apparatuo,  and  intended  to  carry,  one 
the  rubber,  the  other  the  pnmc  conductor. 

The  rubber  C  varies  in  size  with  the  instrument.  It  Is  sup* 
ported  by  one  of  the  insulators  and  occupies  the  position  of  a 
horiaotital  radius  to  the  axis  of  revolution  on  one  side  of  the 
plate.  It  cousistfi  of  two  pieces  which  should  gnisp  the  plate 
on  opposite  sides  at  its  circumference,  and  extend  from  the 
margin  about  half  way  to  the  axis.  It  must  be  well  padded, 
and  jjrasp  firmly.  When  used  its  parts  should  be  coated  with 
mosaic  {jold  or  araalgitni,  which  grttatly  promote  development 
of  electricity.  Ity  means  of  a  serew,  the  grip  of  the  rubber  is 
increased  or  diminished. 

The  prime  c^^nductor  D  is  supported  by  the  iusulator  on  the 
opposite  side  of  the  plate.  This  is  [daccd  at  a  distance  there- 
from, and  carries  the  former  on  its  top.  From  the  prime  con- 
ductor an  arm  projects,  extending  horizontally  to  a  point  midway 
between  the  circumteronce  of  the  plate  and  its  axis.  The  inner 
surface  of  this  presents  a  series  of  points  towards  the  plate. 
These  take  off  the  charge  developed  by  the  rubber,  and  store  it 
upon  the  prime  conductor,  from  which  it  cannot  escape,  as  it  is 
moauted  ou  an  insulating  support. 
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In  tliQ  niarliinc  tlius  deecribed  the  rubber  and  pnine< 
ductnr  nro  hifiulttted:  in  this  ctmditioii  it  would  pve  very  " 
rv«ull8.  It  vigorous  action  is  dusirvO,  and  a  development 
^HMttivv  eteclricitv,  the  ruhlicr  ImiII  nmst  be  put  in  free  ciectrie 
comnuiuicatiou  witb  tho  etirtli.  Then  on  rorolving  the  pUtes 
lurroiit  of  (KMitivL*  Bpurks  is  ohttiinud.  If  we  desire  negtti^'e 
clcL'triviiv",  iln^  prime  coiuluctor  is  pot  in  coniniunieation  with 
the  i'»rlti.  The  rublwr*  aru  iiisuUted.  On  thnming  the  iii 
litrunioiit  into  uctiuii  8}uirkd  are  taken  frooi  the  ball  lUiacbedto' 
th*  rubbers.  It  will,  therefore,  ^ve  poutire  or  negntire  «l«v 
trieitv,  uecordinjT  n^  the  priniu  conductor  or  the  rubbers  are  wd- 
neclod  to  eanh. 

776.  ClMaiBf  ami  Fraparing  tbi  Plata. — Differences  in  the  h\- 
gronictrie  character  of  gbbis  produces  variation  in  the  cfaaracur 
and  iHiwer  of  the  plate.  Tb«  tatter  altoald  always  be  made  of  i 
no»-!ivi;T>.>rae(ie  rasa.  The  supports  or  inatilatais  miut  alio 
be  non- nvgromettr.  Before  the  instniaient  U  used  the  iudlaton 
and  pinte  should  be  wiped  nith  a  dean,  dry.  warm  silk  liaiHl* 
ktticbte^  to  KflDov*  ail  oaat  and  i>oi«ar>  ' '"'  plate  mjr  b* 
clBaMid  hy  *  tbocovcb  wmUd^.  Um  liist  aU  qmA  whf 

puiv  aumouift  and  eHier. 

TTT.  TlM  Syark  ■  Mix. — No  phwiowiiMWi  ia  DfttoR  can  be  eva- 
Rutndtfd  with  the  eleemc  «|)«k.     Ttg  l^kk.  ite  anap,  its  eoanc. 
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the  finger,  or  it  may  be  receivud  upon  another  ball,  ati  at  A. 
the  distance  is  iDLTeused  its  chiiructer  changes.  It  becomes 
-2tig  in  ite  course.  If  «til]  further  increaaed,  projections  of 
at  from  each  an^lo  urc  produved,  as  in  thu  lower  figure.  At 
t  the  limit  is  reached  and  it  ceasea. 

is  each  Bpark  paftsea,  it  is  attendedhy  a  snapping  or  crackliuK 
,nd,  which,  whoii  it  Takes  place  between  eignt-mch  sphericid 
liluted  balls  connected  with  a  powerful  iouuction  coil,  ia  aa 
(1  aa  the  discharge  of  u  pistol. 

fe,  Tlie  Broken  Spark. — li' small  disks  of  tinfoil  arc  paated  on 
Hb  tube,  with  a  siimil  interval  between  them,  and  the  latter 

Fici.  3->i. 
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rted  to  an  excited  prime  conductor,  the  spark  jumps  from 
ce  to  piece  of  the  foil,  and  ie  tbua  subdivided  into  a  hundred 
more  smaller  ones.  The  added  length  of  these  is  not  quite 
lal  to  tlie  original  single  spark  wliieU  tlie  macliine  will  give, 
'n  this  manner,  various  devices  ean  be  traced  on  glass  pTatea 
icb,on  being  brought  into  communication  with  the  machine, 
I  suddenly  lighted  up  and  yield  a  very  pleasing  ctfcct. 

r79.  ElMtric  Aura.— If  a  point  is  attached  to  the  machine  and 
t  instrument  thrown  into  action,  the  electricity  escapes  therc- 
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from  ia  the  form  of  a  brush.  If  the  hand  is  approached  to  llie 
point  it  gives  a  sco^atiou  as  though  Mime  oii«  was  brtsthing 
upon  its  Hurlace,  In  a  dark  room  (he  aura  is  seen  as  a  dtfTu)^i> 
light  escaping  from  points  and  spreading  out  in  a  brusb-likc 
form.  As  the  hand  is  approached  towards  the  point  the  sura 
at  last  disnppejirs,  and  ie  succeeded  by  flhort  pungent  Rpurks, 
which  cause  an  irritating  uOet-t  U[K)u  the  skin,  li'  tJnj  dw- 
triuity  is  positive,  an  extensive  brush  is  formed ;  if  negadve,  a 
'brilliant  point 

The  ozone  or  electric  odor  so  commonly  perceived  in  the 
vicinity  of  a  maclune  in  full  action,  ia  stronger  with  the  atiral 
than  wilh  the  spark  discharge. 

780.  Discharge  in  Vaono. — If  the  electric  terminals  pass  into  tbe 
interior  of  a  tube  which  is  exhausted  bv  an  air-pump,  Oie  dis- 
tance tliruugh  which  the  spark  can  pabs  is  greatly  lucreated. 
"With  an  ordinary  machine  it  may  easily  be  made  to  readi 
four  or  five  feet.  Its  character  also  undcreoos  a  change,  the 
snapping  sound  disnppeare,  and  it  takes  the  torm  of  a  waring  or 
straight  rod  of  light  extending  from  one  terminal  to  tbe  other. 

By  changing  the  gas  contained  in  the  luhc — that  is,  haviug 
the  residue  air,  hydrogen,  carbonic  acid,  etc. — the  color  of  the 
discharge  varies. 

T)ie  cieeiric  egg  is  an  oval  or  egg-shaped  vessel  of  glaae, 
which  can  be  rart^tied  in  the  interior.  Its  terminals  tiroaght 
into  connection  with  the  niachine,  give  a  variety  of  forms  of 
discharge  dependent  u[H>n  the  degree  of  rarefaction  and  strengtli. 

781.  Charging  the  Body. — If  a  person  is  insulated  by  standing 
on  a  thick  slic-et  of  glass,  or  on  a  stool  with  glass  legs,  and  th« 
band  laid  on  the  prime  conductor,  when  the  machine  is  thrown 
into  action  the  body  becomes  chariTcd.  The  hair  stands  out, 
every  one  repelling  its  neighbor.  Under  this  condition  if  so- 
other person  approaches  his  hand  to  the  charged  individnal.  a 
very  strong  spark  paw^es  which  aft'ccts  both  alike,  prodocing 
involuntary  contraction  of  the  muscles  in  tbe  viuinity  of  the 
parts  between  which  it  passed. 

7S8.  Attraction  and  Eepnlaion  IHnitrated.— If  two  balls  of  pitb 
arc  connected  Ijv  a  linen  thread  ten  inches  or  a  foot  in  leiigtli. 
and  the  latter  suspended  by  its  centre  from  the  knob  of  the 
prime  conductor,  on  exciting  the  machine  the  former  are  at 
once  repelled.  Present  an  excited  glass  rod,  and  it  repels  then- 
Present  a  piece  of  excited  sulphnr,  and  they  are  attracted.  In  a 
jar  which  stands  upon  a  inetaUtc  plate,  place  a  number  of  gilt 
pith  baits.  Let  a  knob  in  coin nittnicai ion  with  the  machine 
project  therein  to  a  distance  of  three  or  four  inches  from  the 
plate  closing  its  mouth.    Exciting  the  machine  the  balls  on 
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alternately  attracted  and  repelled  with  violence  by  the  ktiob. 
The  experiment  is  known  iia  ihut  of  <*1ct!tric  bail. 

Place  a  piece  of  gold  leaf  an  inch  square  between  circular 
plates  of  tin  ten  inishes  in  dianieler:  the  upper  in  conimuuica- 
tion  with  the  inachino.  and  the  lower  with  ihe  earth.  Make 
the  diBlance  between  tho  plates  four  or  tive  iuches.  IDxcite 
the  machine  and  at  once  the  ^Id  leaf  rises,  becoinoB  erect,  and 
takes  on  a  graceful  dancing  inovenieut  between  the  two  plates, 
^he  %'igor  or  gyration  depends  on  the  degree  of  excitation. 

7S3.  Electric  Bell*. — Take  a  rod  of  metal  and  attach  it  to  the 
machine  bo  that  it  occupies  a  horizontal  position.  From  the 
centre  suspend  a  bell  by  a  silken  cord,  aud 
pat  it  in  coiitmunication  with  the  ground  by 
a  chain ;  from  each  extremity  auttnend  others 
hr  good  conductors.  The  bells  should  hang 
some  two  or  three  inches  apart.  To  the  ceu- 
treof  each  space  between  the  points  of  hub- 
pension,  attach  a  silken  thread  which  carries 
a  button  at  ita  lower  extremity,  the  length  L^ 
mnat  be  wljusted  to  have  tho  buttons  hang  "^^ 
opposite  the  rimci  of  (he  bells;  throw  the 
machine  into  action,  the  electricity  passes 
down  tho  chains  to  the  outer  bells.     These  ttauteciiunw. 

pre  excited  and  attract   the  buttuus,  which 

vrikc  them,  producing  a  ringing  sound.  Becoming  charged 
they  are  repelled  to  the  central  bell,  they  strike  it,  dischara^i 
their  electricitv  into  the  ground,  and  arc  again  attracted  by  tne 
outer  bells,     'fhus  u  continued  ringing  is  priidui'<"'d, 

khidi  is  an  illustratiun  of  electric  attraction  and        Fio.  'laT. 

^pnlftion.  The  experiment  is  known  as  the  electric 
chimes. 

P  7M.  Electric  Vane. — Take  six  pieces  of  brass  wire 
«oiiie  six  inches  long,  sharpen  their  ends  to  a  fine 
point,  bend  them  as  in  Kig.  .S27.     Then  attach  the 
blont  ends  to  the  rim  of  a  button  as  radii  at  equal 
distances  with  the  points  all  looking  the  same  way. 
The  button    is   then    mounted   upon   an   in.<«ulatcd 
vertical  axi?.  so  the  whole  arrangement  can  revolve      MfcirtcnM. 
freely  thereon.    Now  corineel  the  vanu  to  the  ma- 
chine, and  throw  the  latter  into  actiou.     At  once  electricity 
escapes  from  the  points  in  a  brush-like  form,  and  their  recoil 
sets  the  apparatus  m  rotation. 

785.  CoudaotioQ  Illustrated. — Take  a  secondary  conductor.  Fig. 
328,  which  U  of  the  general  form  of  the  primary  conductor,  and, 
like  il,  i&  insulated.     I^lace  it  live  feet  from  the  machine;  sua- 
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pend  II  pair  of  cork  tmlle  at  cacU  enil; 
bet 
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TstVctch  between  the  prime  and  secoiid- 
ury  conductor  &  h\-at>&  rod  (^omt>  six  fwl 
iti  Icii^ftli.  The  nionient  the  mucliiM 
is  thrown  into  action  the  batU  dtver|ie 
Jruiii  each  other,  showing  the  {»attage 
ot  electricity.  Make  a  Bolitl  gltm  rod 
the  racaiiB  ol'  communication  between 
the  two  coiidnctom.  Throw  the  ma- 
chiue  into  action  and  there  is  no  diver- 
»MM»tw7 cMdNchir  gencc,  as  ^lasB  Ih  a  noti-condnclcr. 

Ganes  uUo  |w^!)sc!u%  oon»trlcra)>1c  cod- 
duction  power,  especially  if  hot.  lu  illustration  of  this,  rttion 
the  bi'afta  I'od,  atin  connect  the  eecondarv  with  the  pnmei-nn- 
dtictor.  Excite  the  machine  and  the  balls  diverge.  Hold  s 
voluminou!*  »p\nt  llanie  under  the  secondary  conductor,  and  tX 
once  they  fall  togetlit-r.  The  htiited  air  and  ]troducts  of  com- 
buetion  rising  from  the  flame,  have  carried  oi{'  the  electric  clmi^ 
from  the  conductor. 

7B8.  Tlie  Etectrophonu  in  an  instrument  by  which  electricitv 
is  obtained  continuously  und  nt  a  minimum  of  expense.  It 
consists  of  a  metallic  ring  ten  inches  in 
diameter,  A.  It  should  be  almut  half 
an  inch  hi^h.  In  the  circular  space  thu& 
formed  melted  shellac  is  poured,  snd 
allowed  to  rest.  A  disk  of  metaJ,  U,  of 
little  less  diameter  than  the  Ahcllnc  ia  pro- 
vided :  to  its  centre  an  insulating  handle. 
C  L>,  is  attached. 

The  shellac  is  excited  by  beating  it  with 
n  cutsktn  or  flannel.  Then  loxrer  tno  plate 
ur  cover  upon  it,  touch  the  margin  of  th« 
former  and  a  spark  escapes;  separate  it 
from  the  i*hcllflc,  touch  its  margin  and 
another  is  obtained.  80  an  indefinite 
number  can  be  drawn  from  tho  movable  metallic  plote  by 
alternately  touching  it  with  the  finger  when  laid  on  the  shellac, 
and  seiuirated  from  it. 

787.  The  Hydro-electric  Machine,  invented  by  Sir  William  Arm- 
strong, consists  of  Hu  iiit^rilnted  boiler  in  which  high-pressure 
etoam  is  generated.  This  is  pasiwd  through  a  cooling  box  cod- 
ftisting  of  tubes  surrounded  by  cotton  which  dip  mto  water 
contained  therein.  By  partial  condensation  of  the  steam,  whicli 
is  an  essential  feature,  drops  of  water  are  produced.  The  frifr 
tion  of  these  minute  drops  against  the  orifice  from  which  the 
steam  escapee  develops  the  electricity.    The  steum  merely  for- 
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nifihcs  the  prrt|ielling  force.  OpimBito  the  jets  is  a  metallic  comb 
connected  uitU  un  InKuluted  coiiuuctor.  Upuu  tliis  the  escaping 
Hteam  impinges,  niH)  In  it  imparls  the  positive  electricity  with 
which  it  18  charged.  The  jet  piece  ie  made  of  wood,  and  pas- 
sage through  it  is  hindered  by  a  metallic  tongue  around  which 
the  steam  is  obliged  to  pass  to  reach  its  entrance.  A  pressure 
of  several  atmuepheres  is  required,  and  the  water  useii  in  the 
Irailor  must  hediAtilled. 

This  instrument  is  very  powerful,  sparks  over  two  feet  in 
length  being  easily  obtained.  It  works  well  in  the  open  air,  but 
in  a  ri>oni  everything  is  quickly  covered  with  condensed  steam 
and  it  becomes  inoperative. 
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CHAPTER  XLH. 

MEASUREMENT  AND  DI&TRIDCTION. 

Electroscopes — ElecUonieion — The  Wnion  oloctiomotpr — Tho  chui^fe  \t  on  tJiS 
siirfMc«^.ntstril>utlon  depend*  on  fnrm— Anion  of  p>\ni» — INulpktlon  of 
ch«fge. 

780.  Electroscopes  are  instruments  for  the  detection  of  etee- 
tricity.  The  rnosi  delicate  is  the  gnld-teaf  e!oclro9co]te.  It 
constitts  of  two  pieces  of  very  thin  leaf,  A,  abont 
three-fourths  of  an  inch  wMe  and  three  lou^. 
These  are  auspetided  by  one  end  so  they  he 
face  to  face  and  touch  each  other.  To  protect 
them  from  currents  of  air  they  arc  phiced  in 
the  interior  of  a  jar  or  shade,  B,  through  the 
top  of  which  a  metallic  v(h\  passes,  the  lower 
end  bearing  the  loaves  being  within,  the  upper 
terromating  in  a  ball,  or  plate,  C,  some  three 
inches  in  diiimeter,  wliich  answers  for  a  cmi- 
denscr.  Witliin  the  sha<]e,  at  a  distance  of 
two  inches  from  the  leave**  on  each  side,  there 
is  a  brass  wire  terminating  above  in  a  little 
ball,  D,  and  attached  below  to  the  base  of  the 
inatrumeut.  These  aflbrd  communication  with 
the  earth.  The  air  of  the  jar  should  be  kept 
dry  by  a  pieco  of  f|uicklimo  placed  in  an  evapo-  (mu  u^  ^m^uvm,^ 
rating  ditth. 

When  an  electrified  body  is  brought  in  the  vicinity  of  the 
plate,  though  its  diutanuu  from  it  is  considerable,  the  gold 
leaves  diverge  from  each  other;  when  removed,  they  approach. 
If  tho  divergence  is  strong  enough  to  cause  them  to  strike  the 


i 


082  BLBOTaiOITT. 

littlo  balls,  tliev  remain  divorecnt  after  the  exciting  omi^e  lai 
taken  awny.  I'hc  character  of  the  eleotrieity  with  which  tU^ 
are  charjred  nmv  then  be  dtter mined.  It"  (toisitive,  the  apjiniacB 
of  an  elei'iritjen  j;;la8B  Ttnl  will  iiicreune  il8  divergence;  ibud 
sulphur  will  diminish  it. 

A  eiinjiler  apparatus  for  detecting  an  electric  charge  is  spur 
of  cork  balls  connected  with  a  conducting  thread.  It  ib  not 
as  sengitive  as  the  inetrument  previously  described,  hut  answer* 
all  ordinary  purposes.  For  delicate  physiological  iDves^ligaliDl^^ 
the  gold-leaf  electrometer  is  always  employed;  in  it  lii;htt)i.-«H 
of  the  foil,  its  admirable  conducting  power,  extent  of  gurftcei, 
and  their  closeness,  make  it  the  nioKt  sensitive  inatruinunt  (W 
could  be  devitted. 


789.  Electrometers  arc  instrnmentf  for  measuring  the  intensi' 
of  an  electric  charge.     Tlie  quadrant  .electrometer  coiieiotsof 
ro<l  attached  to  the  electric  machine  so  as  to  assume  a  vertical 
position.     Above,  it  terminates  in  a  knob  to  prevent  Ioh 
charge.     Just  below  this  is  a  graduated  semicircle,  to  its  cent 
a  delicate  wire  is  attached  which  carries  a  cork  ball  at  its  fr«e 
extremity. 

When  a  charge  is  given  to  the  iuBtrument  the  cork  V>all  in- 
stantly diverges  from  the  roil,  the  extent  of  this  is  read  in 
degrees  on  the  scale,  being  the  measure  of  its  intensity.  At 
best  this  instrument  is  imperfect,  for  theoretically  its  action  ie 

limited  to  90®  of  divergence.  Actually 

Fio  33L  the  ball  will   rise  beyond  that  liniiU 

Moreover,  a  divergence  of  60"*  rcfpiires 

many  limes   the  amount  of  force  to 

*i  produce  it  that  ia  able  to   cause  one 

of  80^  It  is.  therefore,  limited  to  very 
crude  determinationB. 
1  790.  The  Torsion  Electrometer,  or  cleo- 

■  "  trie  baltmcc  of  Coulomb,  consists  of  b 

cylinder  of  glass,  A  A,  some  five  or 
six  inclu-s  in  diameter,  from  the  upper 
part  of  this  another  much  smaller,  i>  D, 
projects.  The  top  of  the  second  farriea 
a  gradnateil  scale,  through  the  i.-enire 
of  wliich  pnsncH  an  axi»,  with  an  index 
attached  traversing  the  scale.  To  the 
lower  partof  the  axis  a  tine  wire  is  fast- 
ened, which  is  carried  down  throujjh 
-r<jtM<...  4r,.t„m«.r,  thc  Small  cylinder  to  the  centre  of  the 

large  one,  here  it  terminates  in  a  slen- 
der rod  of  shellac,/,  attached  to  it  ut  right  angles.  This  moves 
in  a  horizontal  plane.     On  the  wall  of  this  cylinder  a  scale  of 
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affixed  at  A  A.  One  end  of  the  rod  carries  a  gilt  ball, 
h  U  mounted  on  an  insulated  support,  and  will  retain  any 
cbargu  imparted  lo  it. 

Tlirfuigli  the  tnj)  of  the  large  cylinder  another  slender  shellac 
rod,  B  /,  nm»6ii  vertically,  which  terminates  in  its  interior 
in  a  j^lt  bail,  (?',  of  the  same  size  a«  that  on  the  horizontally 
susponded  rod.  W"hen  this  ib  in  position  the  l>all  it  eorries  is 
exactl_v  opposite  that  on  the  latter  rod  just  touching  it,  and  both 
are  insulated.  The  former  is  held  tn  position  by  a  knob  on  its 
app«r  end. 

When  the  inRtrnmcnt  is  used  the  index  on  the  eniall  cylinder 
is  aet  at  0°,  anit  the  glass  cover  turncil  until  the  honz«iitally 
aupportod  ball  ia  exactly  opposite  that  vertically  eii^pcndeu. 
The  latter  i»  then  litU'd  out,  charged,  and  relumed  aa  quickly 
as  possible.  The  monieiit  it  is  intrwluced  it  repels  the  lormer. 
The  amount  of  this  rcpuUion  is  read  ot^'from  the  scale  arranged 
on  the  largo  cylinder. 

I/Ot  it  Im!  supposed  that  tliis  ie  86*^.  Kow  turn  the  index  at 
the  top  of  the  8inall  cylindiT  until  the  repulsion  on  the  hori- 
zontal scale  i«  reducei^  to  18*.  rtefl<iiiig  the  amount  through 
which  the  intlex  on  the  small  cylinder  hau  been  turned,  and  the 
conHCijuent  loraion  on  the  wire  to  produce  this  result^  we  tind 
that  it  is  ISS*,  add  to  this  the  18*  of  movement  on  tlie  latter 
scale,  anti  we  have  ^44^  as  the  amount  required  to  reduce  re- 
pulsion to  one-half. 

Again,  reduce  the  deviation  to  8.5°.  For  this  an  additional 
movement  of  the  upper  index  through  441*  is  required,  add  to 
this  126  -j-  8-5*,  and  we  have  575.5*  as  the  total  torsion  put  upon 
the  wiru  to  reduce  the  deviation  to  one-quarter. 

Repulsions  in  the  ratio  of  1,  J,  J,  require  torsions  re«peotivelv 
of  36*.  144°,  and  575.5'*  to  balance  them.  Thene  ligures  show 
ihe  relation  of  1,  4,  Ifi,  to  each  other.  They  represent  the 
ratio  of  torsions  requircc)  to  reduce  the  deviations  of  bodies 
charged  with  equal  ([uatitities  of  electricity  respectively  to  1,  },  ^. 

P  791.  The  Charg«  is  on  the  Surface- — Take  a  metallic  cylinder 
moulded  on  a  horizoDtal  axin,  which  i»t  glass  on  one  nidc  tcrud- 
natiuGr  in  a  winch,  ant)  brass  on  the  oiiicr.  ending  in  a  ball 
carrymg  a  quadrant  electrometer.  Let  a  etrip  of  thick  tin- 
foil bo  wound  on  the  cylin<)er,  wliicli  can  he  unwound  by  a 
silken  thread,  or  wound  by  the  wincli.  Wind  the  toil  closely 
and  charge  the  apparatuH  from  the  machine-  The  electrometer 
shows  a  certain  divergence.  As  it  is  unwound,  this  diminishes, 
as  it  is  wound,  it  increases.  From  this  wo  see  that  when  the 
superficies  oxposod  is  increased,  Iho  charge  is  distributed  over 
a  greater  area  and  has  less  intensity.     When  diminished  it  is 
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dispoBcd  over  a  li^ss  are»,  and  its  intonsitjr'  is  increa»ed,  (pm 
wbh'h  ii  is  evidc'itt  thnt  the  charge  ia  distributed  su^>erticially. 

792.  Cutribntion  Sepeoda  on  Form. — Ou  a  Sf^here  a  chivee  h 
entirely  on  the  exterior,  ti«  Rhown  \ty  takiti^  a  hollow  itisulateil 
spbere'with  an  opeiiiiij;  Uirou^h  the  top,  and  examiiiinjr  iu  inte- 
rior with  the  proof  phine  ol"  Cuiiloiub'd  biilunco.  No  charge  id 
fotrnd  tbcroin. 

On  tho  exterior  of  a  sphere  the  electric  density  is  the  same  for 
all  parts  of  its  siirfncc. 

On  an  ellipsoid  it  is  greatest  at  the  ends,  and  is  at  a  mintnnn 
ill  the  centnd  regions. 

On  a  fifflinder  it  is  almost  ontiroU'  at  tho  extreniitios. 

Ou  a  Jiat  dtik  It  is  hardly  appreciable  on  the  faces,  and  iii- 
creases  suddenly  as  the  margins  are  reached. 

783.  Action  of  FoinU. — From  the  above,  and  from  what  bBs 
been  previously  stated  rc^rding  the  electric  brush,  it  is  evideat 
that  the  cau^e  of  tho  escape  of  electricity  from  points  is  lh« 
accumulation  of  the  foruo  upon  them  until  the  rcpellant  power 
becomes  so  great  that  passage  into  the  anrronndinff  air  oocurt 
Therefore,  all  points  siiould  be  carefully  rounded  and  made 
smooth,  not  only  on  the  mucliine  but  also  on  all  apparatus  used 
therewith. 

The  presentation  of  a  jioint  to  the  machine  has  the  same  effect 
as  though  it  were  attaclied  to  it.  In  evidence  of  this,  charge 
wilh  electricity  a  secondary  conductor,  to  wbicli  a  pair  of  cork 
balls  arc  attached.  They  immediately  undergo  divergence. 
Present  to  the  charged  conductor  the  point  of  a  needle,  it  quickly 
robs  it  of  its  charge,  as  shown  by  tlioir  falling  together,  aud  lhl« 
without  perceptible  passage  of  cleetrieity  from  it  to  tho  point. 

Connect  a  pointed  wire  to  the  prime  conductor  of  the  machine 
to  make  it  louk  horizontally  (uitwanis  from  it.  Then  throw  the 
machine  irtio  action,  bring  the  tiame  of  a  spirit-lamp  oppoutc 
the  point,  and  it  will  be  blown  away  by  the  electric  brush  escap- 
ing therefrom. 


794.  Distipation  of  Charge. — An  insulated  conductor  lefl  to 
itst'If  gradually  loses  its  charge.  This  takes  place  through  iho 
supports  or  insulators,  and  the  air. 

The  loss  in  the  former  can  be  diniinishcd  by  decrease  in 
their  diameters.     A  long  fibre  of  glass,  or  raw  silk,  makes 
excellent  insulator. 

As  respects  the  air,  the  loss  takes  place  in  two  ways:  1st,  fy 
eondio'tion,  and,  2d,  by  convecUoii.  Hiuhly  i-arefied  air,  and  that 
which  is  moist,  probably  act  by  conduction.  In  dry  the  aetion 
is  bv  convection.     Tho  molecules  in  contact  with  the  electric 
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lecoraing  charged  nrc  repelled,  find  now  ones  move  in  to  tflke 
their  plaou,  these  in  tlicir  turn  arc  aleo  repolled.  It  is  by  this 
agenrv  that  escape  from  points  is  accounted  for.  It  is  a  curious 
fact  tliHt  chargetn  of  negative  electricity  are  dissipated  more 
nipidlj  than  (wsitive. 


CHAPTER  XLIII. 

IMDUCTION. 

loiluctlnn  detori bed— Bound  electricity — Attriction  and  repulsion  expkioed — 
Fail  «x)>«rii])cnl — Induction  piwM  llirough  gUv— dpei'iOc  Indticlivo  powur 
— Tlie  Leydt-n  vial— IliM^clfd  Letdcn  vial — Ponetration  of  the  cliarge. 
Residuum — L«yd«ii  tjallwriM — nitcliarjffl  thmugh  a  card — Lidttciiborit'* 
flgtinw — Hiiltx  inaohine— Cundenicrt.— Rate  uT  fMUMK^^-Quratixn  ot  »parl(— 
Mecbanital  offecU — Physical  tilTrct* — Cliamical  adVicta — Phyiiologit:*!  ftflm,-t*. 

79S.  Indnotioo  Desoribed. — Take  an  insulated  cylindrical  con- 
ductor, A,  arninKed  so  that  cork  balla  can  bo  siinpended  from 
the  two  ends.  Bring  into  tlie  vicinity  of  one  extremity  ii  posi- 
tively cxcitciJ  insulated  sphere,  B.  At  once  theru  is  (listnrbarice 
in  the  cylindrical  conductor.     The  electricity  it  contains  under- 

Pio.  882. 
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eoes  instantaneous  decomposition,  the  balls  at  either  end  are 
diverged  ;  now  take  a  stick  of  sealing  wax,  excite  it  by  friction, 
and  present  it  to  the  cork  balls  at  the  end  of  the  cylinder  most 
distant  from  the  8]>here,  they  arc  attracted.  I*re8cnt  it  to  those 
at  the  end  nearest  the  sphere,  and  they  are  repelled.     Excite 
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a  glasa  rod  and  examine  the  balls  with  it.  It  attracts  those 
nearest  the  sphere,  and  repels  those  at  the  further  end  of  the 
cylinder.  We,  therefore,  iind  that  the  normal  charge  of  the 
latter  has  been  decomposed  in  such  a  manner,  that  the  positive 
electricity  ie  driven  to  the  end  furthest  from  the  former,  ami 
the  negative  attracted  to  that  nearest  it. 

Remove  the  excited  sphere  and  at  once  the  cork  balls  fait  to- 
gether. The  disturbed  condition  of  the  cylinder,  therefore, 
only  lasts  while  the  former  is  in  its  vicinity.  As  it  is  approached 
nearer,  or  removed  further  therefrom,  the  disturbance  varies, 
being  greatest  when  it  is  nearest,  and  steadily  diminishing  ae 
it  is  taken  to  a  distance. 

The  change  described  is  called  deciric  induction  or  injiueme. 
Nothing  passes  from  the  sphere  to  the  cylinder,  and  the  disturb- 
ance in  the  latter  only  lasts  while  the  former  is  in  its  vicinity. 
It  is  an  illustration  of  the  law  of  attraction  and  repulsion.  The 
sphere  decomposes  the  normal  charge  of  the  cylinder,  attracting 
its  negative,  and  repelling  its  positive  electricity.  In  this  change 
the  neutral  condition  is  not  quite  at  the  centre  of  the  latter 
but  a  little  on  the  side  towards  the  former.  This  side  also 
ahows  a  stronger  charge. 

796.  Bound  Electricity. — Not  only  are  positive  and  negative 
electricities  separated  in  the  preceding  experiment,  but  they  are 
also  in  difierent  conditions.  While  the  positive  charge  is  free  to 
escape,  and  wil!  pass  off  by  any  conducting  channel;  the  nega- 
tive is  bound,  and  cannot,  even  though  put  in  electric  com- 
munication with  the  earth. 

In  illustration,  repeat  the  preceding  experiment,  and  while 
the  cylinder  is  strongly  under  the  influence  of  the  sphere,  estab- 
lish connection  between  its  further  extremity  and  the  earth. 
The  balls  at  that  end  immediately  collapse,  while  those  at  the 
other  are  more  strongly  diverged.  By  this  action  the  neutral 
line  has  been  pushed  back  to  the  earth.  The  whole  of  the 
cylinder  is  now  negatively  electrified.  Break  the  earth  con- 
nection and  remove  the  spliere  from  the  vicinity  of  the  cylinder. 
The  latter  will  now  be  found  to  be  strongly  charged  with  nega- 
tive electricity,  the  former  being  positive.  This  method  is  known 
ixa  charging  by  indurlion. 

797.  Attraction  and  Repulsion  Explained. — In  all  electric  attrac- 
tions and  repulsions  the  light  l)ody  exhibits  Induced  changes. 
Its  normal  charge  is  decomposed  and  the  negative  portion 
powerfully  attracted  by  the  positively  excited  body — the  sphere, 
tor  example.  If  sufficiently  light,  it  moves  toward  the  excited 
body,  and,  touching  it,  discharges  the  negative  portion,  and  is 
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UifD  powerfully  repoHed,  botli  Iiodiee  being  electrified  alike  or 
ill  the  +  siHte. 

Ill  plac-e  of  u  single  cylinder  conductor  (795),  use  a  nuuiber, 
and  pluce  them  in  u  struigbt  titie  at  a  alight  distunc-e  from  each 
other.  Then  briug  the  excited  sphere  iu  the  ^'iciuity  of  one 
end  of  the  line;  at  once  there  itt  drntorbanco  in  the  whole  row. 
Ueniove  it,  and  (hey  relapiie  into  their  original  condition. 

The  experimeiii  8eeniA  lo  eNplain  howeunduction  taket^  place. 
The  molecules  of  the  liody  reprcMHtt  the  cylinders.  They  arc 
at  a  distance  from  each  other.  When  the  end  of  the  row  is 
acted  upon  by  an  excited  body  one  side  of  eaoh  molecule  be- 
comes positive  and  the  other  negative.  In  good  conductors 
polarization  is  only  instantaneous,  being  destroyed  by  the  dis- 
charge  t'rom  molecule  to  inoloeulc.  Uood  insulators,  on  tiie 
contrary,  resist  the  tendency  to  discharge,  and  retain  their 
polarised  condition  for  a  considerable  time. 

79B.  Fail  Experiment. — Take  a  metallic  pail,  A,  seven  inches  in 
diameter  and  eleven  iu  height.     Connect  its  outside   by  a  wire 
with  a  delicate  gold-leaf  electroscope, 
E,  Fig.  333.     Then  take   a    metallic  ?«>■  «». 

ball,  B,  insulated  by  a  white  silk  thread 
some  four  feet  iu  length.  Charco  it  at 
the  machine  and  lower  it  into  the  pail. 
As  it  enters,  the  electroscope  shows  a 
divergence  of  ita  leaves.  (Jn  remov- 
itig  It  this  ceases.  Then  lower  it  again, 
the  divergence  in  the  attached  electro- 
scope incrcafes  until  a  depth  of  about 
three  inches  is  reached,  beyond  this  it 
rumaiiiB  ^tationar^.  Let  the  ball  touch 
the  bottom  and  discharge  itself,  no  in- 
creased divergence  is  seen.  Hemove 
it,  and  divergence  cunliimes,  while  the 
ball  is  founa  completely  discharged. 
I  From  this  we  see  that  the  eflect 
produced  by  induction,  as  the  hall  en- 
ter«J  the  pail,  was  fully  equal  to  that 
caused  by  the  actual  discharge  of  ita 
electricity  into  it.  Moreover,  if  a 
series  of  pails  be  placed  one  within 
the  other,  and  insulated  from  each 
other  by  disks  of  shellac,  so  they  do 
not  touch  in  any  part,  and  the  external  one  is  connected  with 
an  electroscope,  when  the  ball  is  lowered  into  the  inner,  diver- 
gence of  the  leaves  takes  place  in  the  electrometer,  exactly  as  in 
the  tirst  instance,  where  only  one  was  used. 
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799.  Xndaotion  Fau««  Through  Olas*. — Ttestore  the  conditioof 
of  the  hrat  experiraent  {7i*>t),  and  [irovide  in  addition  a  «lie«l 
ofglasR.  Brin;f  tbf  apht-re  near  the  end  of  the  eyliiuier,  the 
cork  balls  at  t'ith«r  end  of  thu  latt«r  show  divergence.  Inter- 
vene the  g\a°»  hetwbcii  them  and  no  rhange  i»  perceptible.  Uc- 
raore  the  sphere  to  a  distance,  the  balls  fall  together.  Reelore 
it,  they  are  repelled,  and  exitcrly  to  thu  same  dieianee  &&  ivb«u 
the  glass  is  removed.  We,  therefore,  Hnd  that  ffrctrir  indwftiM 
or  injtuence  passes  through  gtasy  with  the  same  facility  as  throu|:h 
air.  An  experiment  devised  by  Kjiriiday,  shows  that  this  action 
li  due  to  polarization  of  the  molecules  of  the  medium.  It  cou- 
mated  in  taking  a  veeeul  of  turpentine  in  which  filaments  uf  silk 
were  diffused.  Two  conduetors  were  then  plunged  into  the  fluid. 
cue  couuected  with  the  machine,  and  the  other  with  the  ground. 
The  particles  of  tsilk  immediately  arranged  ihcinselvee  end  to, 

^end  and  adhered  closely,  showing  the  coTiditions  of  the  molecul 
mother  experiment  consisted  iu  taking  a  number  of  plates  of 
lica  cIoBcIv  packed,  the  outer  provided  with  movable  metallic 
coatings,  'the  system  was  then  electrified,  the  coatings  removed 
by  insulated  handles,  when  the  opposite  surfaces  of  each  we 
found  to  he  elcctrilicd.  the  one  positive,  the  other  negative 
thus  shiiwiug  the  cuuditton  of  the  molecules  of  sueoessive  layei 
of  the  intervening  electric. 

800.  Specific  Inductive  Power. — Let  two  hollow  spheres  bep 
vided,  each  four  inches  in  diameter,  which  like  the  Magdeburg 
hemispheres  can  he  separated  at  the  niiddle.or  joined  by  a  flange, 
and  the  interior  exhausted.  Through  the  upper  half  of  each 
let  Ati  insulating  conducting  rod  pass  which  communicate-*  with 
a  second  sphere  placed  in  the  interior  of  the  first,  and  separated 
from  it  hy  a  space  of  about  an  inch  wide  in  all  ita  parts.  Then 
let  the  inner  sphere  of  one  of  the  systems  receive  a  charge,  the 
outer  being  connected  with  the  ground,  the  system  acting  like  a 
Leyden  vial.  The  electricity  in  the  inner  concluctor  is  then  deter* 
mined  by  a  proof  plane.  Suppose  it  gives  a  torsion  of  SoC*.  The 
knob  of  this  instrument  is  then  touched  to  that  of  the  other. 
The  torsion  in  each  is  found  to  be  l^S**.  The  two  pieces  of 
apparatus  being  alike,  and  the  space  between  the  spheres  in 
eacli  tilled  with  air,  the  charge  is  equally  divided  between 
the)  a. 

Let  the  space  in  one  be  tilled  with  shellac.  Charge  the  other, 
put  the  knobs  in  communication,  and  test  each  by  the  proof 
plane.  The  charge  is  uo  longer  equally  divided  ;  a  portion  ap- 
pears to  be  lost,  and  the  shellac  instrument  contains  more  than 
the  air. 

By  a  number  of  experiments  Faraday  arrived  at  the  following 
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■  expresfiioni)  oi"  tho  spo^-itic  iiuhictive  capacity  of  various  didectrka., 
u  the^'  are  callcil. 
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SOI.  The  Leyden  Vial  t:on8ist-(  of  n  wide-muulhed  bottle,  A, 
of  ftboul  u  balf  gallon  capacity.  The  outside  and  inside  are 
both  coated  \\\x\\  lintuii  tu  witliJn  a  uoiipio 
of  inches  of  the  top,  a  stopper  of  wood,  B, 
closes  its  mouth,  through  this  a  metal  rod 
paeseB  coraniunic-atinj:  with  tho  inner  cout- 
ing  below,  and  termiiuUinj;  uhove  in  a  kn«tb. 

If  tho  arrungomtnt  be  ]»ut  upon  an  in- 
sulated stand,  C  ,  and  placed  near  the  prime 
conductor  D,  of  a  luacbine  in  action,  only 
three  or  four  sparks  pa^s  to  it.  If  a  knub, 
E,  in  electric  communicHtiouvvith  the  ground 
is  then  brought  near  the  exterior  coating,  a 
spark  passes  to  it.  For  every  one  paased 
from  tne  machitie  to  the  inuer  coating, 
another  pasf^cs  from  the  outer  to  tho  knob. 
This  continnes  for  dome  time,  a  perfect 
torrent  pouring  from  the  niauhinu  to  tlio  vial. 
At  last  It  ceases  and  tlie  jar  is  hdly  charged. 
Examination  shows  that  if  positive  electricity 
is  communicated  to  the  inner  coating,  it  is  positive  electricity 
which  escapes  from  the  outer ;  but  it  is  not  the  same  as  that 
which  the  inner  coat  received,  for  a  time  arrives  at  which  the 
action  ceases.  That  the  ele<i1rieity  received  by  the  inner  coat 
is  still  there,  may  be  proved  by  discharging  the  vial,  when  an 
exceedingly  powerful  Hpark  is  obtained,  anu  a  profound  shock 
experienced,  far  exceeding  in  strength  that  of  the  sparks  com- 
municated to  it. 

The  vial  can  be  discharged  without  the  electricity  passing 
throQgh  the  body  by  moans  of  the  arrangement.  Fig.  836  A, 
which  is  a  pair  of  brass  rods  some  eight  inches  in  length  termi- 
nating at  one  end  in  balls,  and  joined  at  the  other  hv  a  hinge,  so 
they  may  be  adjusted  to  difierent  distances.  This  is  attached  to 
an  insulating  handle. 

The  discbarge  is  either  instantaneous  or  gradual.  To  effect 
the  former,  touch  the  outer  coat  of  the  vial  with  one  ball  of  tho 
discharging  rod,  and  then  a]>proach  the  other  to  the  knob  com- 
municating vvitli  the  inner  coat,  it  is  discharged  with  a  brilliant 
spark  and  a  noise  like  the  explosion  of  a  percussion  ctip.     To 


iMjiimn  tUI. 


640  ^^^^  SLKCTRIOITT. 

effect  the  latter^  touch  the  outer  and  inner  coatingit  dtertutelj- 
witb  n  ball. 

802.  DUseotcd  Leyden  Vial. — The  object  of  this  appsmtun  it  to 
prove  that  the  chiirge  is  on  the  glaas.     It  consists  of  a  cone- 
shaped  Jar  of  glass.  A,  tliree  inches  in  diameter «( 
Pio.  sas.       ||,y  jjjL^^  fl^-e  at  the  top,  and  eight  high.    This  fit* 
-■^^  accurately  into  a  tin  jar.  B,  of  the  same  diaiufter. 

but  alwut  two  iiichcM  t^lioiier.  Aiiuther  coiie-slainHi 
jftr  of  tin  tite  tin*  interior  of  ilie  Khws  jar  and  isilso 
about  two  jucbes  shorter.  When  the  three  ar« 
placed  within  one  another  the  glaas  projecla  ftt>om 
two  inches  above  the  tin  jars.  The  latter  act  fc* 
coating  to  the  glass.  A  vertical  metallic  red,  C. 
jfJU^^  riacB  trom  the  inner  coating  about  four  iuchtf 
above  the  glass  when  all  the  parta  are  in  poaitioit, 
B,v  it  electric  conimunicalion  is  had  witli  thu  interior  coat. 

Place  the  coatingA  in  petition  and  charge  the  Jar  at  the  electric 
machine.    It  acts  in  all  rettiiectd  like  a  Leyden  vial,  and  will  yield 
a  brilliant  Hash.     Charge  it  again,  remove  the  inner  coating  by 
uieans  of  a  glasf  rod,  then  the  outer.    The  two  may  be  brought 
into  contact  with  each  other,  no  epark  passes.     ){c>plaoc  tliem, 
discharge  the  apparatus,  a  brilliant  spark  is  ]>roduced.     It  is, 
therefore,  evident  that  the  electricity  must  have  been  upon  the 
glass.    TojprovB  that  it  is,  uguin  charge  the  Jar,  and  remove  ibe 
coatings.    Then  pass  one  tingor  on  the  outside  of  the  glass  V»elftw 
the  line  pr«ciBf]y  occupied  by  tliu  coating;  with  auotijcr  finger 
touch  tin.'  inside,  instantly  a  >^hock  is  feh,  domonstmting  beyon^ 
a  doubt  that  it  h  thereon.  «H 

603.  Penetration  of  the  Charge.  Reaidaum.-— Not  only  is  the 
charge  upon  the  gloss,  the  moluculesuf  the  surfuce  of  which  are 
polarized  in  opposite  coiiilitions,  but  it  also  penetrates  into  its 
substance  for  a  certain  distance.  That  this  is  the  case  ts  sbowu 
by  the  fact,  that  if  a  lieydcii  vial  is  charged  and  allowed  to 
staii<l  for  a  time,  and  then  discharged  and  kept  quiet  a  few 
minuter,  on  again  applying  the  rod,  another  spark,  small  in 
citnipuri^on  with  the  first,  but  exceedingly  unijleasant  to  receive 
when  not  prepared  for  it,  i."*  experienced.  This  is  the  residual 
spark  or  charge.  It  is  that  portion  which  penetrated  the  glass 
during  the  first  charging  of  the  Jar,  and  did  not  completely 
escape  when  it  was  discharged,  a«  it  required  time  to  free  itaelC 

In  the  vial  the  thinner  theglass  the  more  powerful  the  charge, 
hack  of  homogeneity  in  the  latter  is,  however,  apt  to  favors 
disctiarge  through  that  medium,  and  destruction  ul'the  apparatus 
follows. 


801.  Ltydeo  Batt«riet. — In  thea«  a  iiuinberof  Levdeu  viuls  are 
_irnin)z;od  hv  comn?etiiig:  iheir  outer  covep'mgH  Irtgether  by  [ilacing' 
thcni  on  a  board  covered  with  tinfoil.  The  inner  coatings  are 
connected  b_v  rods.  U  pvett  a  s)>ark  when  diHchurgLMl,  which  ia 
it)  prnportion  to  the  size  and  number  of  Jara  entering  into  its 
formation. 

A  battery  of  tfaia  description  ia  charged  cither  directlv  l>y  Uic 
machine  or  charged  hff  cascade,  m  it  m  called.  The  latter  is 
acconiiitiflhod  by  |i!acing  the  jars  on  int^iilating  BU]u>ortj?.  with 
the  outer  coat  of  one  in  jnx'tapnrtition  to  the  knob  ot  the  inner 
coat  of  the  next,  the  la^t  of  the  series  connecting  with  earth.  A 
spark  is  then  given  to  the  inner  cuat  of  the  tirst,  one  of  the  sauic 
nature  leaves  its  outer  coat  to  enter  the  inner  of  the  next,  and  so 
on  throughout  the  whole  line.  By  this  method  the  charge  re- 
quired for  one  is  made  to  charge  the  whole  series.  They  arc 
then  placed  in  position — that  is.  their  outer  coats  are  connected 
in  one  scriesaud  their  ittnur  in  another,  wltun  Chcy  arc  discharged 
in  the  ordinary  manner. 

I    805.  Discharge  through  a  Card. — Charge  a  Leyden  jar,  and  then 
Inttrvene  a  card  or  piece  of  paeteboara  between  the  ball  of  the 
discharging  rod,  A,  and  the  outer  coating. 
Approach  the  other  ball  to  tbiit  of  the  jar.  •■''"  ***■ 

and  discharge  it.  The  charge  forceu  itself 
through  the  card,  and  disrupts  its  tissne  in 
a  curious  way.  The  aperture  is  not  made 
by  a  force  passing  in  one  direction,  as  a 
ticcdle  driven  through  n  substance  on  one 
!<idtf,  and  drawn  out  witli  its  thread  on  the 
other.  This  would  produce  ad  indraft  at 
the  entrance,  and  a  fraying  out  of  the  exit. 
This  is  not  what  we  find.  On  the  contrary, 
it  is  a«  though  two  needles  had  Ik-ch  forced 
through  ill  opposite  directions.  B,  and  their 
thread!^  ilrawn  out  at  the  same  lime  an  u  i^hocmakcr  stitebcR. 
This  frays  out  on  both  sides,  and  is  exactly  what  the  electric 
spark  does. 

This  fraying  out  in  both  directions  by  the  passage  of  the  elec- 
tric spark,  is  iietd  as  iniportjmt  evidence  in  support  of  the  theory 
of  two  fluids  or  forces.  It  is  easily  explained  on  thin  liypothesis, 
the  two  passing  in  opposite  directions  at  the  name  time  to  inter- 
mingle with  each  other. 


806.  Lichtenbergi  FigorM. — Take  a  plate  of  shellac,  tlie  eloc- 
trophoruB  will  ansMcr.     Charge  a  Leyden  vial,  and  holding  it 
by  the  outer  coating,  truce  a  simple  design  with  the  knob  m»on 
le  shellac.     Place  the  former  on  an  insulator,  and  take  hold 

41 


the 


EliECTRICITY. 

by  the  knoll  and  trace  another  desijrn  mi  the  latter  with  the  ouKr 
coating.  A  mixture  of  tinely  powdered  red  lead  and  flowers  ol 
sulphur  is  then  shaken  together  to  electrify  it,  aiid  dusted 0[i 
the  surface.  The  powder»  inuiit-diiitely  aepuratc,  the- UtUrafi- 
heres  to  the  pattern  traced  with  the  pi;)«ilive  eleetricitv,  the 
lomier  to  the  iie^tive.  Not  only  are  they  separated,  but  ihf 
figiireB  are  entirely  difierent  in  nature.     The  sulphur  paniclet 
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arrange  themselves  in  branching  lines,  while  tlte  red  lead  tends 

to  the  foriiialion  of  small  circular  spots.  From  this  it  \vould 
seem  that  positive  electricity  which  has  attracted  the  fornwr 
travels  along  the  surface  tuore  readily  than  the  negative.  The 
samo  cll'cct  le  seen  with  electric  hrushes.  These  tacts  also  sup- 
port the  theory  of  duality  in  electricity. 
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907.  Holtz  Machine.— Aiiotber  phtMiomeiion  of  indaction  is 
the  UoIue  luacliiiie,  U8  mo<lilied  by  Toepler.  It  consists  of  two 
glass  platOH,  one  fixed,  A,  and  tlic  other,  I),  capable  of  rapid 
rotation  by  a  multiplying  wheel  and  hand,  C.   Condensers,  D  D, 
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Aud  diitcliurging  rods,  K  E,  al«o  form  parts  of  the  apparatus. 
The  tnetullic  brushes,  F  F,  should  touch  the  small  brass  knobs, 
but  not  rhe  plate. 

The  niaehine  being  rtmdy,  see  that  the  plate  revolves  freely 
without  striking  anywhere,  then  place  the  discharging  balls 
close  together,  and  tiini  the  wheel  uuLil  sparks  pass  between 
them.  Tlien  sf-narate  them  gradually  with  a  piece  of  hard  rub- 
ber. Turuing  the  wheel  rapidly,  a  torrent  of  sparks  passes  be- 
tw(.<en  ihe  knub». 

The  action  is  this:  "The  small  brass  disks  on  the  anterior 
surface  of  the  plate  when  this  is  revolved  rub  against  the  luetatlio 
brushes,  a  small  amount  of  electricity  is  thus  developed  and  car- 
ried ai-ound  to  the  armatures  upon  the  back  of  the  large  station- 
ary plate.  The  initial  charge  is  thus  given  to  tliiH,  which  in  its 
turn  rcaets  ujion  the  revolving  plate.  Ily  this  novel  arrangement 
the  old-xtyle  plate  with  windows  is  digpenited  with,  and  the 
machine  easily  chargeil,"  ihe  action  throughout  being  by  induc- 
tion. 

B}'  ineaiii^  of  this  machine  the  application  of  this  form  of  elec- 
tricity for  medicinal  purposes  is  made  u  practical  success. 

808.  CoadeaBcrB. — A  Leyden  vial  is,  properly  speaking,  a  con> 
denser,  liut  the  lerin  is  usually  applied  to  flat  sbcetB  of  glass,  or 
some  other  electric,  the  two  surfaces  of  which  carry  metallic 
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coatiuffs  which  are  movable  or  tiot,  aud  somewhat  le»s  in  tJzc 
than  the  sheet  of  gla^s.  One  of  iheee,  called  the  coIIectiDg 
plate,  ia  connected  with  the  machine;  the  other  «ith  the  ejmh. 
and  the  glass  is  between  them.  When  the  machine  has  reached 
the  liinii  of  ar-liou,  the  face  of  the  plate  connected  with  the 
earth  is  covered  with  nejErative  clcctricit_j'  drawn  therefrom, aiid 
held  by  the  uttraction  of  the  posiiivc  eleetrieity  of  that  attachwi 
to  the  machine.  On  the  other  hand,  the  latter  not  only  pre- 
eenia  the  charge  whieli  the  machine  could  nornially  sive  it.  but 
in  widiiioii  that  which  is  induced  b}"  the  negative  electricilT  i>r 
the  plate  in  eonnection  ^vith  the  ground. 

By  (Kindetjeaticii  we  underBtand  that  there  ia  an  enonnim 
ittcrease  of  rUctricfd  densxly  on  a  given  mrfaee  without  itureau  ftj 
polailiaL 

BOO.  IUt«  of  FaAiage. — It  te  related  that  one  of  the  kioga  of 
France,  being  detiirou^  of  determining  ihe  rale  of  nuHhage  ufau 
electric  current,  ordered  that  180  of  his  guards  should  form  a 
line,  each  man  with  his  hand  upon  the  head  «f  his  neighbor 
The  outermost  men  were  one  to  touch  the  outaide  coating  of  a 
Leyden  vial, the  other  the  knoh  comiomiicatiDg  with  the  interior. 
It  was  thought  tiiat  by  thia  experiment  it  could  be  determined 
whether  electricity  travelled  from  the  outer  to  the  inner  coat,  or 
iu  the  reverse  direction,  whichever  way  it  went  llie  man  at  the 
end  of  the  line  from  which  it  started  would  tirst  be  proetraled. 
A  trial  being  made,  it  was  found  that  all  the  men  were  felled 
at  the  same  moment.  It  was,  therefore,  concluded  that  tlie 
movement  of  electricity  ia  inatantimeous. 

Though  not  inf^tantaneouH,  the  rate  of  passage  of  an  electric 
spark  is  very  rapid,  aud  depends  upon  a  number  of  eondiiionH. 
Among  these  is  the  length  of  the  circuit.  Through  a  diitauce 
of  halt  a  mile,  Whcatetone  found,  by  the  use  of  his  revolving 
mirror,  and  a  break  of  the  current  in  three  places,  two  close  to 
the  coatings,  and  the  third  a(  a  quarter  of  a  mile  distant  from 
each,  that  tlioie  was  a  retardation  of  the  latter  lees  than  one- 
millionth  of  a  second  This,  by  calculation,  gave  a  velocity  of 
288.000  uiilea  in  a  second,  the  velocity  of  light  being  only  180,000 
miles  in  the  sjmie  lime.  In  longer  circuits  the  rate  is  much 
slower,  through  30D0  miles  of  an  Atlantic  cable  it  required  one 
second  for  the  current  from  a  Daiiiell  battery  at  one  end  to  give 
deflection  in  a  Thomson  mirror  galvanometer  at  the  other. 

The  nature  of  the  conductor,  tlje  insulation,  and  a  number  of 
other  coinlitions,  all  have  their  cttoct.  Other  things  being  equal, 
the  velocity  of  dynamic  electricity  is  less  than  static 

810.  Bnration  of  Spark. — The  electric  spark  lasts  fbr  a  very 

short  interval  of  time.    Its  brevity  may  be  illustrated  by  meaus 
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I  of  the  revolving  card.  On  this  the  colors  of  the  apuctrum  aro 
painted  radiating  from  centre  to  circumference.  It  la  driven  by 
clock-work,  uiid  tiiiiy  rticeivu  ^)  rapid  u  rate  of  motion  tltat  the 
colors  all  lilertd  together  upon  tlic  reiina,  and  a  uniform  gray 
tint  18  productfd.  If  ntiile  in  rapid  rotation  a  Leyden  «park  it 
diflchargod  iu  front  of  it,  every  color  stands  out  as  sharply  as 
though  It  was  perfectly  stilt.  That  is,  the  spark  lias  come  aud 
gone  before  it  ha«  had  time  to  move. 

In  determinations  made  by  Liicafl  and  Cnzin,  by  means  of 
lines  traced  on  a  revolving  disk,  it  wa»  found  that  the  electric 
apark  lusts  from  28  to  46  ten-milUonths  of  u  second.  Its  duratiou 
is  prolonged  by  an  increase  in  the  number  of  Leyden  jars  in  the 

)  battery  employed,  and  with  the  striking  distance  between  the 
balls  of  the  discharger. 

811.  Heohauioal  Effect. — By  a  powerful  Lejden  disohaiget  gUsa 
is  [.•erfornted,  wood  and  stone  fractured,  gaw«  and  liqaida  de- 
composed. 

H  a  sheet  of  glass  is  supported  upon  a  cylinder  of  glaas,  and  a 
'pointed  piece  of  bra»s  touches  it  above,  and  another  below,  on 
making  these  the  terminals  of  discharge  from  a  Leydon  battery, 
the  sheet  is  perforated. 

Let  two  brasH  knobs  be  the  terminals  for  an  electric  discharge 
in  the  interior  of  a  glo^  tube  an  inch  in  diameter,  and  six  inches 
long.  The  wires  connected  with  the  knobs  must  pass  air-tight 
through  the  glass.  Lot  a  tube  an  eighth  of  an  inch  in  diameter 
communicate  with  the  lower  part  of  the  large  tube,  and  be  bent 
twice  at  right  angles  to  it,  so  that  it%  coutiuuatiou  is  parallel  to 
it.  Water  is  then  placed  in  the  apparatus  to  such  a  height  that 
the  lower  knob  io  the  large  tube  projects  above  it.  When  sparks 
are  passed  between  the  Icnohs,  the  fluid  in  the  small  tubes  is 
driven  up,  and  the  level  immediately  reestablished,  showing 
I  that  the  movement  is  not  due  to  licat  but  to  impact  ot  the  spark. 

812.  Phyiioal  Effects. — Kther,  bisulphide  of  carbon,  and  a 
number  of  otiier  liijuiils  subjected  to  the  passage  of  an  electric 
spark  are  indnmed.  Passed  along  a  very  fine  wire  the  metal 
may  be  deflagrated,  or  driven  oft'  in  vapor.  Discharged  upou 
gunpowder  it  i»  projected  in  all  direittions,  but  if  delivered  from 
a  wet  string  the  powder  is  ignited.  The  result  in  the  latter  ca«6 
is  owing  to  diminution  in  the  velocity  of  the  passage  of  the 
electricity.  This  principle  has  been  applied  to  ignition  of  gun- 
powder for  mining  and  engineering  purfHJses;  the  apparatus 
IS  known  as  the  electric  fuse.  Passed  tiirongh  sugar,  eggs, 
various  fruits,  fluorspar,  and  heavy-spar,  they  become  luminous 
in  the  ilark.     If  sent  through  a  wiru  wound  around  a  glans  tube 
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in  which  knitting  needles  are  placed,  the  latter  are  magnetized; 
it  will  reverse  the  compass  needle. 

If  u.  person  wenring  dry  shoes  imitates  the  act  of  skating  on 
the  carpet  of  a  house  warmed  hy  a  hot-air  tiimace,  ami  then 

Erceents  hia  knuckle  to  the  escaping  gOR  from  a  hnnier.  it  will 
e  ignited.    The  use  of  a  strong  electric  »i>ark  for  instanlaneoua 
ignition  of  a  great  number  of  ga«  jets  is  well  known. 

The  himitinn»  ctfect  of  the  spark  \a  owing  to  ignition  of 
particles  of  matter  in  it«  course,  or  of  an  actual  transportation 
of  matter  from  one  terminal  lo  the  other.  If  different  metals 
are  used  as  terminals,  there  will  be  n  passage  of  metal  of  one 
knob  to  the  other,  which  will  lu  time  show  a  well-marked 
covering. 

813.  Chemical  Effects. — tiasce,  such  bb  oxygen  and  hydrogen, 
whieh  aet  on  each  other,  if  mingled  in  proj)er  proportion 
and  aiihniitted  to  tlie  electric  s]>ark  immediately  combine.  If 
eitlier  is  in  excess,  it  may  require  a  number  of  sparks  to  secure 
complete  union  of  the  one  deficient.  Passed  through  moist  air, 
its  nitrogen  and  oxygen  are  forced  to  unite.  es[M;nalIy  in  the 
presence  of  a  solution  of  potassa,  uitrio  acid  being  produced. 

Many  compound  gases,  as  ammonia,  sulphuretted  hydrogen. 
etc.,  are  dccomposcii.  Carbon  dioxide  is  separated  into  oxygen 
and  carbon  monoxide.  Iodide  of  potaasium  ift  decomposed  and 
ltd  iodine  freed,  so  that  it  will  strike  a  blue  color  with  solution 
of  starcli.  Ordinary  oxygen  in  converted  into  ozone,  aad  a  boat 
of  other  examples  might  ne  cited. 

814  Physiological  Effects  on  living  beings,  or  on  those  recently 
deprived  of  life.  In  the  tirst  casu,  there  is  violent"  exciteraeut 
the  result  of  action  on  the  parts  themselves,  or  on  the  nervous 
centres.  In  the  second,  muscular  contractions  imitating  a  res- 
toratiiin  to  life. 

With  large  Leyden  batteries  small  animals  can  be  killed. 
Rats  are  killed  with  batteries  of  seven  square  feet  of  surface, 
and  cats  with  one  of  five  square  yards  of  euatcd  surface. 

AmoTig  the  results  of  the  action  of  powerful  discharges  are 
*'  bums.  Buperticial  and  deep,  ecchymosca,  stripping  of  the  skin 
off  the  whole  hody,   deafness,  amaurosis,   paralysKi.  lesions  ol 
the  vascular  system,  transudations  of  liquids,  and  rapid  putre- 
faction.    Womotimes  the  bones  arc  broken,  the  limbs  torn  and, 
separated.     In  one  instance  the  head  of  a  man  struck  by  light 
ning  was  cru.Hlied  as  by  a  powerful  blow.     On  the  other  hand,' 
strokes  of  less  intensity  have  cured  old  diseases.    Among  otlier 
singular  effects  are  the  more  or  less  complete  strippingofl'  the 
clothing." 
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Iilnlng  idimticnl  with  iniwhino  elwtricity — Rlwttnc  tUtti  of  atni<>t|A*r^— 
V'nrlnlioD  in  amiMiii  Miid  vhArBi-tQr^—Urigin  uf  ntmna|ib«r{v  i>l<ctrivit7^ 
Lifbuiing — Tbtii»I«r — RcUira  thock — Lightning-nxl — Auion  Imnalic 

81fi.  Lightning' Identical  with  Machine  Electricity. — For  this  dia- 
covery  we  »re  indebted  to  Franklin,  who  had  made  proposals  to 
;  parties  in  France  for  the  dcrnonstmtioii  in  question,  Wli'ife 
wnitin>f  for  the  erection  of  H  steeple  in  Phihidolphia.  by  which 
he  proposed  to  prove  the  truth  of  his  liypotlieiiisi.  and  fearing 
lest  lift  rni^'ht  he  anticipated,  he  determined  to  resort  to  the  use 
of  a  kite  whenever  a  promising  thutider«torm  appeared. 

For  tliiw  purpose  he  urmed  the  sticks  of  a  kite  with  ncedleB, 
and  established  electric  commnniciition  between  tlicsc  and  the 
hempen  string  by  which  it  was  raieed.  On  a  day  when  cloud« 
indicated  the  approach  of  a  storm  he  dallied  out  wiih  his 
little  son,  to  jjive  color,  a»  he  says,  to  the  expedition,  and 
takinjj;  with  him  the  kite,  the  front  door  kev  of  hiii  houBe, 
and  a  riair  of  cork  halts  connected  by  threnff,  they  went  to 
Home  anjacettl  fields.  Here  the  kite  wait  raised,  and  the  string 
paiiited  through  the  han<llc  of  the  key,  which  served  as  ii  prime 
cotidnctor.  It  wa«  insnlatej  by  means  of  a  silken  cord.  A 
promisin<r  cloud  approached  and  he  presented  hi«  knuckle  to  tliu 
Key  but  milcd  to  get  a  spark.  At^er  a  few  failures,  and  just  as 
he  was  aboot  lo  give  up  the  experiment,  a  few  drops  of  rain  fell, 
and  he  remarked  that  the  fibres  of  the  string  were  repelling 
each  other  and  standing  out  fnim  it.  Presenting  bis  knuckle  to 
the  key  be  received  a  pretty  tiharj)  spark.  Suspending  the  cork 
balls  to  the  lower  purl  of  the  key,  they  strongly  repelled  each 
other.  Thus  by  exceedingly  simple  contrivances,  Franklin 
demonstrated  the  identity  of  the  spark  of  the  machine  with  the 
lightning  Hash,  and  showed  that  the  apparent  tlif^eronce  be-' 
tween  them  was  only  one  of  intensity  and  tiot  of  quality. 

816.  Electric  State  of  Atmoiphere. — Klectrieiiy  exists  in  the  air 
Dot  only  in  clouds,  but  a  difference  may  always  be  found  be- 
tween a  given  station  and  a  point  above  it.  Various  methods 
have  been  resorted  to  for  the  demonsti-atioti  of  such  eleelrie  dis- 
turbances. Among  these  wc  may  mention  the  projecti<in  of  a 
ball  into  the  air,  the  discharge  of  arrows,  kites,  captive  balloons, 
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the  projection  of  an  iron  rod,  which  is,  however,  a  dangeroDS 
plan  and  cost  one  experimenter  his  life.  Finally,  the  appa- 
ratus of  Sir  W.  Thomson,  which  consisted  of  a  small  tank  of 
water  placed  on  the  sill  of  a  window,  from  this  an  insulated 
tube  projected  into  the  air  on  the  outside,  and  from  it  the  water 
was  allowed  to  drip  slowly.  These  appliances  served  for  the 
collection  of  atmoepheric  electricity,  the  means  for  examination 
were  electroscopes,  either  straw,  pith  balls,  or  gold  leaf. 

A  (eold-leaf  electrometer  with  a  rod  four  or  hve  feet  in  length 
vertically  projecting  from  it,  will,  in  the  open  air,  easily  detect 
the  difterence  in  electric  condition  between  the  stratum  in  which 
it  is  placed  and  that  reached  by  the  point  of  the  rod.  Peltierused 
a  gold-leaf  electroscope  on  the  top  of  which  was  a  copper  globe. 
Such  an  instrument  raised  a  foot  or  two  shows  the  variation  in 
electric  condition  between  the  two  strata. 

817.  Variation  in  Amotmt  and  Character. — By  means  of  the  con- 
trivances mentioned  in  the  last  paragraph,  the  presence  of  free 
electricity  in  the  atmosphere  is  invariable  detected.  When  the 
air  is  perfectly  clear  it  is  always  positive,  varying  in  amount 
with  the  height  of  the  locality  and  the  time  of  day.  It  is  not 
found  in  houses,  streets,  or  under  trees,  but  in  the  vicinity  of 
bridges  and  docks,  and  other  open  spaces.  On  flat  land  it  is 
usually  perceptible  about  live  feet  above  the  ground. 

At  sunrise  the  charge  is  feeble,  it  increases  up  to  11  o'clock, 
it  then  decreases  until  just  before  sunset,  and  reaches  a  second 
maximum  a  few  hours  after  the  sun  passes  below  the  horizon. 
These  variations  follow  closely  upon  those  of  the  barometer,  and 
the  finer  the  weather  the  better  they  are  marked. 

With  a  clouded  sky  the  electricity  is  sometimes  positive, 
sometimes  negative.  It  often  changes  in  this  respect  several 
times  in  the  course  of  the  day. 

818.  Origin  of  Atmospheric  Electricity — Though  our  knowledge 
is  not  positive,  it  is  generally  conceded  that  it  originates  in  the 
evaporation  of  water.  An  essential  condition  seems  to  be,  that 
the  water  must  contain  a  saline  body  in  solution  ;  that  distilled 
does  not  show  any  disturbance  in  its  evaporation. 

•  Becqucrel  considers  that  the  earth  is  an  immense  resen'oir 
of  electricity.  He  has  sliown  that  when  earth  and  water  come 
in  contact,  it  is  produced,  the  former  taking  either  positive  or 
negative-,  and  tlie  latter  the  opposite.  He  made  his  examina- 
tions with  platinum  plates  immersed  in  different  moist  locali- 
ties, or  in  earth  and  in  water,  and  connected  with  a  multiplier. 
Evaporation  from  either  source  would  carry  the  electricity  of 
the  region  into  the  air.  and  thus  account  for  its  presence  therein. 
Clouds  are  all  electrified,  some  positively,  some  negatively. 
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The  positive  condition  is  usually  found  in  those  formed  from 
TapofB  set  free  i'rnm  the  ground  uiid  condensed  in  the  up[>er 
regions  of  the  air.  Negative  are  thought  to  result  from  fogs 
which  have  obtained  their  charge  from  the  earth. 

It  is  not  at  all  improbahle  that  the  aouroo  of  electricity  of  the 
air  18  the  friction  of  MoUd  and  liquid  f>urtic1e6  agaioat  each  other 
or  against  the  earth  ay  tliey  art'  driven  hy  wind.     The  strong 

telectrir  excitement  present  when  dry  snow  is  driven  by  wind, 
strongly  supporta  this  theory  uf  its  origin. 

819.  Lightning;  ie  the  discharge  of  a  charged  cloud.  In  lower 
regions  it  in  wlnto,  but  in  upper  rarefied  strata  it  is  violet.  The 
flashes  nrc  oiU'ii  between  points  several  leagues  apart,  and  gen- 
erally in  a  /Jgzag  course.  This  is  attributed  to  the  resistance  of 
air  to  its  passage. 

liightning  is  of  different  kinds.  Ist.  The  zigzog  or  linear, 
whicli  moves  with  exceeding  velocity.  2d.  &'AfW»  tilling  the 
entire  horizon  and  without  distinct  shape;  this  is  the  more 
common  form,  and  seems  to  envelop  the  cloud  as  though  it  were 
ahrush-likc  discharge.  3d.  Heat  tifffttnintf  is  without  the  appear- 
ance of  clouds  and  without  sound.  This  absence  of  noise  is 
probablv  due  to  its  great  distance.  •1th.  G(ofte  Ughtniny,  wherein 
the  discharge  takes  the  form  of  a  globe  of  lire.  The  movement 
is  comparatively  slow,  being  often  in  view  for  ten  seconds  an  it 
descends.  It  Bonietinies  rehounds  on  reaching  the  ground,  and 
often  explodes  with  a  deafening  noise  ;  this  form  is  rare. 

The  course  of  the  discharge  is  usually  from  the  cloud  to  the 
earth.  The  latter  by  induction  becomes  charged  with  the  op- 
posite electricity,  when  their  tension  exceeds  the  resistance  ot 
air  the  two  combine,  the  .spark  passing.  Ascending  liglittiing 
is  oecasionally  observed.  In  thi.s  case  the  clouds  are  probably 
electrilied  negatively,  the  earth  then  having  a  positive  charge, 
it  paw.HeB  upwards,  since  the  latter  ]>as9e8  through  air  more 
readily  than  a  negative  charge. 

During  a  thunderstorm  vicinity  to  trees,  elevated  buildings, 
and  metallic  masses  should  be  avoided.  Lightning  discharge 
striking  a  sandy  soil  melts  the  silica  and  pro<luceB/«t/uriYM  or 

> glassy  lubes,  often  thirty  to  forty  feet  in  length. 
8S0.  Thunder  is  the  report  which  follows  a  lightning  discharge. 
The  two  are  produeeil  Himullaneously,  the  time  reiiuircd  bv 
sound  to  travel  through  air  makes  the  thunder  seem  to  fol- 
low the  lightning.  The  rate  of  movement  is  about  1100  feet 
per  seoona,  therefore,  the  distance  of  the  flash  can  be  easily 
calculated  by  observing  the  time  between  it  aud  the  peal. 
When  lightning  strikes  near  at  hand,  the  thunder  is  one  terriHc 
deafening  crash.     At  a  distance  it  take*  on  a  rolling  character. 
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as  the  reports  are  heard  in  succession.    If  increased  to  fifteen 
miles,  the  discharge  is  no  longer  heard  though  the  flash  is  seen. 

821.  Return  Shock  is  experienced  by  persons  at  a  distance 
from  the  locality  where  lightning  strikes.  It  is  a  result  of  in- 
duction. They  are  charged  with  induced  electricity  of  the 
opposite  sign  to  tliat  of  the  cloud ;  when  the  latter  is  discharged 
induction  ceases,  and  the  persons  reverting  rapidly  from  the 
charged  to  a  neutral  state  the  return  shock  is  the  result. 

It  is  lees  violent  than  the  direct,  yet  many  cases  might  be 
cited  in  which  it  has  killed  men  and  animals. 

822.  The  Ligrhtiuiig-rod  was  invented  by  Franklin,  in  1755.  It 
consists  of  a  copper  or  iron  rod,  which  passes  the  electricitv 
from  the  ground  to  the  excited  cloud,  uniting  the  two  in  a 
harmless  manner.     The  essentials  in  a  rod  are: 

Ist.  The  terminal  point  must  be  perfect. 

To  secure  this,  the  points  should  be  platinized  or  gilt  to  pro- 
tect thera  from  the  action  of  damp  air. 

2d.  Projection  to  a  suflicient  distance. 

The  rod  should  project  from  six  to  ten  feet  above  the  ad- 
jacent parts  of  the  building.  It  must  also  offer  a  perfect  metallic 
communication  from  point  to  termination  in  the  earth.  Its  sec- 
tion should  be  at  least  half  an  ineli  square,  so  it  will  not  melt 
if  liglitnjiig  discharges  upon  it. 

3d.  Connection  witli  extended  metallic  surfaces. 

All  metallic  objects  of  any  extent  in  the  building  must  be 
connected  with  it,  otherwise  there  is  danger  of  lateral  dis- 
charges. 

4th.  I'crfect  comnuinication  with  wet  earth  below. 

There  should  be  tlic  most  complete  communication  between 
the  rod  and  wet  earth.  It  must  never  terminate  under  a  veran- 
dah or  piazza,  but  in  the  country  it  is  better  to  lead  it  to  a 
well,  spring,  or  some  other  perniaTiently  wet  spot.  If  no  such 
place  is  near  liy,  a  hole  six  or  seven  yards  deep  may  lie  dug,  and 
the  conductor  divided  into  three  or  four  strips  and  led  into  it, 
and  tlie  space  tilled  with  powdered  coke.  In  the  city  it  can 
coniniuiiicatc  with  the  water  pipes. 

823.  Aurora -borealis,  or  northern  lights,  is  an  electric  phenom- 
eiiiHi,  sometimes  of  great  beauty,  seen  at  either  pole.  It  consists 
of  streamers  or  bars  of  light,  which  in  the  tinest  displays  con- 
stitute a  complete  cupola.  These  are  agitated  by  an  undulatory 
nioveniont,  and  from  time  to  time  exhibit  great  variations  in 
brilliancy.  Convergence  of  the  streamers  is  to  a  point  indicated 
by  the  northern  end  of  the  dipping  needle  in  the  northern  hemi- 
sphere.   Their  color  varies  through  red,  green,  and  yellow. 
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In  north  polar  regions,  150  auroras  were  observed  in  200 
dsya,  nights  without  one  were  an  exception  to  the  rule.  Their 
extent  is  sometimea  wonderful,  the  same  display  having  been 
observed  at  Moscow,  Warsaw,  Rome,  and  Cadiz.  Their  height 
IB  from  90  to  460  miles. 

Their  action  on  the  maffnetic  needle  proves  that  they  are  due 
to  electric  currents  in  the  higher  regions.  They  frequently 
interfere  seriously  with  the  working  of  telegraphs.  Their  spec- 
trum gives  five  lines  in  the  green,  a  faint  one  in  the  blue,  and 
a  red;  these  are  probably  due  to  nitrogen. 


SECTION  IX. 
DYNAMIC  ELECTRICITY. 

CHAPTER    XLV. 

THE  VOLTAIC  CELL. 

Electrodynamics  defined — Fint  observsliona — Yolta's  pile^Origin  of  voltuc 
electricity — The  simple  cell — The  electric  current — Electromotive  force- 
Quantity  and  tntenHity — Enfeebtement  and  local  action. 

824.  ElectrodynamicB  Beflned. — Machine  electricity,  which  has 
thus  far  been  the  subject  of  our  study,  is  electricity  in  the  static 
state  or  condition  of  rest.  It  is  that  of  tension.  To  under- 
stand more  clearly  its  nature  and  the  difference  between  it  and 
the  form  we  are  about  to  examine,  it  is  couveuient  that  we  re- 
gard it  as  a  tluid  according  to  the  original  hypothesis.  As  we 
study  fluids  tirst  in  their  stationary  condition  under  the  science 
of  hydrostatics,  and  afterwards  in  movement,  as  hydrodynamics, 
so  with  electricity,  we  may  examine  it  tirst  in  the  electrostatic, 
and  then  in  the  electrwiynamic,  or  condition  of  movement. 

825.  First  ObservatioEs. — In  1750  Snlzer  observed,  that  if  two 
metals  were  placed,  one  on  the  tongue  and  the  other  beneath  it, 
when  portions  projecting  from  the  mouth  were  touched  to  each 
other,  a  strong  metallic  taste  was  perceived.  If  one  was  placed 
upon  the  conjunctiva,  and  the  otlier  upon  the  tongue,  and  then 
brought  together,  a  brilliant  flash  of  light  was  seen.  These 
results  were  attributed  to  a  development  of  electricity. 

In  1770,  Galvani  made  his  famous  experiment  with  frogs'  lege. 
At  the  time,  he  was  studying  the  effect  of  atmospheric  electricity 
upon  these  animals.  For  this  purpose  he  had  attached  a  pair  of 
legs  by  a  copper  hook  to  an  iron  balcony.  Each  time  that  the 
wind  pushed  them  against  the  iron  violent  contractions  were 
produced.  A  further  examination  of  the  phenomena  showed, 
that  wlien    communication  was  made  between  a  nerve  and  a 
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tnascle  by  a  single  metal,  coiitractioti  of  the  latter  fullowed.  If 
made  by  two  metals,  as  zinc  uud  copper  tvvUt*fd  togetber  at  one 
^n<i,  anil  the  other  ends  applied,  one  to  the  nerve,  the  otlier  to 
the  niUHcIe,  the  contractions  were  more  violent  Ualvani  ex- 
Uitied  the  phenomena  upon  the  hypothesia  of  two  electncittos, 
»  ill  Ihe  niiiHelo,  the  other  In  the  nerve,  and  regarded   the 

.1  as  acting  the  part  of  a  diBcharjkn»g  rod. 
Close  upon  thi»  eatne  the  experiment  of  Voltu,  who  believed 
that  electricity  was  the  result  of  contact  between  two  metalit. 
Though  Volta  wa«  mistaken  m  regards  its  origin,  his  work  was 
ol  great  value,  since  it  resulted  in  tlio  production  of  V^oita'a  pile» 
which  was  the  tirst  electric  battery. 
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826.  Volta's  Pile.^lii  this  tlie  principle  of  an  increase  in  iti- 
teneily  of  the  electric  disturbance  by  an  additional  number  ot 
oleaieuts  is  recogni?.ed.  The  ap]>aratuB  consista 
f  several  disks  of  Kinc,  cloth  wet  with  sul- 
phuric acidf  and  copper.  These  are  built  up  in 
a  vertical  pile,  beginning  at  C,  in  the  order  zinc, 
cloth,  ropper,  zint.-,  cloth,  copper,  the  substances 
being  laid  on  in  that  Bcrie»  until  a  pile  of  thlrtv 
10  titty  seta  is  made.  Wires  are  then  attached, 
«nu  to  C  at  the  lower  end,  and  the  other  to  Z  at 
the  upper.  Through  these  the  eft'ecta  are  trans- 
mitted; they  are  callc<l  poles,  polar  loires,  terminals 
and  etrctrodes.  In  ordinary  batteriee  that  con- 
nected with  the  copper,  or  platinum  element,  is 
called  the  anode,  poultice,  -f .  '-opper,  or  pl'itimim 
pole.  That  to  the  zinc,  the  ottfiodej  nfffattrf,  wiuiim,  — ,  or  zine 
pole.  In  the  tirrangematt.  Fig.  ii'^9,  the  (ermatat  melals  really  act 
as  collectors,     fheir  character  in  this  respect,  therefore,  is  reversed. 

When  tlie  polar  wires  are  brought  in  commuiiiauion  then 
aeparaied,  a  minute  apark  in  m-ou,  which  in  all  renpects  except 
that  of  size  is  a  perfect  counterpart  of  the  machine  spark.  The 
BDappiug  sound  is  also  heard  when  contact  is  broken.  If  ex- 
amined by  the  gold-leaf  electroHcope  the  leaves  are  repelled.  In 
all  respects,  therefore,  this  rcBembles  the  ordinary  machine 
electricity,  except  in  it»  tension,  or  the  distance  through  which 
it  can  strike  from  one  conductor  or  polar  wire  to  uiioiher. 

Bodies  which  convey  mat^hino  electricity  well  are  good  con- 
veyors of  this  form ;  those  which  conduct  it  poorly  are  likewise 
poor  conductors  for  this  variety. 

To  electricity  prtwiuced  by  Volta's  pile  the  name  of  Voltaic 
ia  given.  Since  Ctulvoni  had  antedated  him  in  his  ol>8orvatioD8 
on  its  character  his  iidmirers  culled  it  lialvaaic.  It  is  also 
known  as  battery  and  primary. 
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887.  Origin  of  Voltaic  Eleotricity  is  iu  chemioal  setion  pner- 
all^v  between  a  eulid  and  lluid,  in  which  the  Ibrmvr  i^  allacktd 
or  dissolved.  It  ha&  !>ceii  amply  demonstrated  by  BecqiKivl, 
Faraday  and  many  others,  that  when  thiei  is  iiiiciated,  and  nhilc 
it  lasta,  tliere  is  development  of  ekctricity ;  when  it  ceaa««,  tlit^ 
electricity  ceafles.  Many  experitneiits  nuglit  he  admnced  in 
support  of  this  hypothesis,  among  them  wc  cite  the  Ibllotviag: 

Ist.  Take  a  plate  of  pure  zinc  to  which  a  polur  wiro  is  at- 
tached, aUo  one  of  platinum  with  its  polar  wire.  Plunge  tlte 
two  in  a  vessel  containing  dilute  sulphuric  acid  (water  20,  aeidl), 
keeping-  them  at  a  distance  from  each  other.  While  they  wu- 
tiuue  apart  there  is  no  cheniical  action  on  either.  Now  k(  the 
polar  wires  touch,  and  it  at  unce  begins.  The  zitic  slowlv  dii- 
solves,  and  hydrogen  gas  escapes  from  the  surface  of  plMmum. 
Separatc  tbcm,  an  electric  spark  is  seen,  and  at  once  all  utJon 
ceaaes. 

The  establishment  of  a  communication  between  the  tvo 
tnetala  of  a  battery  is  calletl  dosing  the  eireuUf  the  opposite  set, 
breaking  or  opming  it. 

2d.  Solder  two  golden  wires  to  the  uxtreiuitiea  of  a  condu<.'toi 
»nd  plunge  it  into  nitric  acid,  which  dues  not  acton  gold:  tliun 
is  no  electric  action.     Now  pour  hydrochloric  acid  into  the 
vcsacl ;  the  gold  is  at  once  acted  upon  by  the  ac|ua  regia,  and 
current  ia  produced. 


vv 
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828.  The  Simple  Cell. — In  the  construction  of  galvanic  bul^ 

teriefl  it  is  not  easy  to  procure  pure  zinc.     The  ordinary  zinc  of 

commerce  is  acted  un  by  dilute  sulphuric  acid. 

Pio.  ZiO.         fh'\s  diffieulty  is  surmounted  by  using  that  which 

has  been  amalgamated,  or  bears  a  coating  of 

mercuiT. 

Amalgamation  of  zm\  Cleanse  the  surface  thor- 
oughly witli  dilutot'ulphuric  acid  (one  of  acid  to  ten 
or  fifteen  of  water).  When  perfectly  clean  poor 
mercury  over  it,  this  at  once  unites  with  it,  and 
gives  a  clean,  brilliant,  metallic  coating.  If  then 
are  any  spots  Avbich  do  not  coat  well,  the  action 
may  be  hastened  by  friction  and  fresh  upplicatiou 
of  acid.  Amalgamating  tluids  are  recommended, 
but  they  evolve  an  irritJiting  odor  in  their  us*. 
If  the  process  we  have  described  is  properly  man- 
aged, it  can  be  accomplished  very  quickly. 

The  zinc  having  been  ariialganiated,  it  is  attacked  to  a  wire 
hv  means  of  an  arraiigemeuc  of  binding  screws,  and  set  in  a 
glass  vessel  that  is  to  contain  the  fluid  with  which  the  cell  is 
to  be  charged.    A  plate  of  copper  the  same  size  as  the  zinCf 
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cell.  Dilute  aulphuric  acid  (1  of  acid  to  16  or  20  of  water)  ts 
(toured  into  the  vessel. 

While  the  circuit  ia  not  established  there  is  do  action,  but  when 
it  IB  closed  there  is  electric  dtsturbauce,  theziuc  bciii^  dissolved, 
and  hydrogen  escaping  from  the  copper  aurface.  At  the  iirst 
moment  of  closing  the  electric  action  is  very  strong,  but  it  in- 
stantly falls  very  low.  owing  to  formation  of  bubbles  of  hydrogen 
on  the  conptT,  which  redutxi  enormously  the  extent  of  contact 
between  that  metal  and  the  fluid,  and  cut  down  tlie  chemical 
action  in  proponion. 

To  avoid  this  reduction  by  gas  formed  on  the  copper  various 
devices  are  resorted  to,  among  them  is  the  use  of  double  fluid 
hfltterien. 

829.  The  Electric  Current. — So  long  as  chemical  action  cod- 
tinnes,  and  the  circuit  is  closed,  there  is  a  continuous  flow  of 
electricitv  through  the  wire  connecting  the  two  metals.  There- 
fore, it  18  callcil  ilynamic,  in  eontradiHtinction  to  the  static 
variety.  The  tension  of  this  current  is,  moreover,  exceedingly 
foclile,  which  \h  an  cescniial  difl'ereiice  between  this  and  machine 
electricity. 

It  is  not  necessary  that  one  of  the  metals  should  not  be  acted 
upon  at  all  by  the  liquid,  only  (hat  one  should  be  more  sus- 
ceptible tlian  the  other. 

The  nietnl  upon  wli^ch  the  action  is  most  energetic  is  the 
generating  pliite,  or  metal  of  higher  potential;  the  other  the  col- 
lecttug,  or  piate  of  lower  potential.  Direction  of  the  current 
is  determined  by  the  positive  metal.  The  current  commences 
on  it,  passes  through  the  liquid  to  the  negative  plate,  thence  by 
Uie  jmlar  wire  to  the  positive,  completing  the  circuit.  Its 
direction  U  always  in  relation  to  the  positive  electricity. 

Voltaic  electricity  arises  whenever  two  metals  are  placed  in 
a  liquid  which  acts  more  strongly  on  one  than  tm  tiie  otiier. 
They  have,  therefore,  been  arranged  in  tables,  which  express 
their  relations  to  each  other  in  this  respect.  These  are  called 
dec&omotive  serifs.  The  elcotropositive  are  at  one  end,  the 
electronegative  at  the  other,  the  intermediate  being  arranged 
according  to  their  relative  value.  Any  two  of  the  folliiwmg 
metals  placed  in  dilute  acid,  the  current  will  pass  from  the 
lower  to  the  higher.  Iron,  for  example,  is  electronegative  to 
einc  and  electropositive  to  silver. 


I.  Zinc. 

5.   Irnii. 

to.  Silver. 

'i.  CictnilurD. 

6.   Nickel. 

11.  (.4old. 

3.  Tin. 

7.  BUmulh. 

IS.  Plitlnum. 

4.  L««d. 

S.   AnlimoBjf. 
0.  flipper. 

18.  Orkphite. 
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830.  DlectromotiTe  Force  is  that  by  virtue  of  which  electric 
effects  are  produced  in  a  circuit,  consisting  of  a  liquid  and  two 
metals  acting  unequally  upon  it.  The  electromotive  force  is 
greater  in  proportion  as  the  metals  are  distant  from  each  other 
in  the  series.  Indeed,  it  is  the  sum  of  the  electromotive  forcei 
between  all  the  intervening  metals.  Condition  of  the  metal 
influences  it ;  rolled  zinc  is  negative  to  cast  zinc.  Concentration 
of  the  liquid,  and  its  nature  also  have  their  influence. 

The  following  table  exhibits  the  efi*ect8  of  dift'ereut  solutions: 


(.'huMIc  pOUMtUlll, 

KfilruchlDrlc  aciil. 

Sal|ihlde  or  potaolain 

Zinc. 

Zinc. 

Zinc. 

Tin. 

Cadniiiim. 

Copper. 

Cadtiiium. 

Tin. 

Cadmium. 

Antimony. 

Lead. 

Tin. 

Lead. 

Iron, 

Silver. 

Bismuth. 

Copper. 

Antimonv. 

Iron. 

Bismuth. 

Lead.      ' 

Copper. 

Nickel. 

Bismulb. 

Xickel. 

Silver. 

Nickel. 

Silver. 

Antiiiionv. 

Iron. 

831.  ftnantity  and  IntenBity. — The  larger  the  size  of  the  metal 

flates  employed,  the  greater  the  quantity  of  electricity  developed, 
u  Hare's  deflagrator  very  extensive  surfaces  of  copper  and  zinc 
were  used,  the  action  of  which  when  they  were  suddenly  im- 
mersed in  acidulated  water  was  so  great,  as  instantly  to  dissipate 
polar  wirca  of  small  diameter.  Tension  or  intensity,  ou  the 
other  hand,  depends  upon  the  number  of  cells  or  cups  iu  the 
circuit.  The  greater  tlieir  number  the  more  intense  the  tension, 
until  with  batteries  of  five  hundred  an  electric  arc  of  several 
inches  length  is  obtained.  For  ordinary  purposes  fifty  make  a 
very  serviceable  battery. 

832.  Enfeeblement  and  Local  Action. — The  principal  causes  of 
decrease  in  the  action  of  a  battery,  are;  Ist.  Gradual  neutrali- 
zation of  the  acid  and  its  conversion  into  sulphate  of  zinc. 
This  is  remedied  by  addition  of  acid.  '2d.  Formation  of  small 
closed  circuits  on  tlie  zinc,  whereby  it  is  corroded  without 
yielding  anything  to  the  current  traversing  the  polar  wires. 
This  is  called  local  action;  it  is  rectified  by  reamalgamating  the 
zinc.  3d.  Formation  of  a  layer  of  hydrogen  on  the  copper  plate, 
reducing  contact  between  the  copper  and  liquid.  This  is  called 
polarization  of  the  plate.  4th.  Ilydrogen  reacting  on  the  zinc 
sulpliiitc  formed  in  the  solution  causes  it  to  be  precipitated 
upon  tlie  copper,  hence,  in  place  of  having  two  metals  with  dif- 
ferent relations  to  the  liquid,  this  lessens,  and  in  extreme  caaes 
is  entirely' lost.  6th.  Production  of  inverse  electromotive  action, 
which  either  partially  or  entirely  neutralizing  the  original  cur- 
rent. 
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CHAPTER  XLVI. 

BATTEBIES  AMD  THEIR  PHYSICAL  EFFECTS. 

la|;l«  fluid  lMU«riu — Double  fluid  twitcrim — Can  of  bMUtrieo — MeuuremanU  af 
clcctricily — Methuda  of  coupling — Dry  pil«« — Faure'*  nrcumtiUtur — The 
ipark — Tho  arc — Ignilion  afTocU— IhTflagnilion. 

633.  Single  Fluii  Batteries. —  Cruik shank's  consists  of  a  vooden 
truujih  Pfpanitwl  idto  trtilla  by  plutea  of  copperaiid zinc  soldered 
together.  These  are  tilled  with  dilute  sulphuric  acid  (1  of  acid 
to  15  or  20  of  wafer).  By  inclining  the  troiigh  on  one  aide,  the 
floid  can  be  pn»<tcd  along  the  edge  and  tlic  cella  all  filled  to  tlie 
same  level,  with  leattt  loss  of  time.  Polar  wires  are  then  attached 
to  the  metale  al  the  eiidn. 

Woliaston's.  Liquid,  dilute  sulphuric  acid,  is  fdaced  in  sepji- 
rate  jars.  Kach  is  provided  with  copper  and  r/iuc  elements. 
Theae  are  double-copporcd — that  is,  the  copper  is  beut  to  be 
opposite  both  (tides  of  tlio  aiualgaraated  ziue  surface.  The  metnls 
arc  then  aitnched  to  a  frame,  so  they  can  he  ninmltaneously  low- 

l«red  into  the  jars  of  acid. 

r     iitiircs.    Lii^uid,  dilute  Hulphuric  acid.    MetaU,  atnalgamatod 
zino  and  platinum,  or  platinized  silver,  to  favor  escape  of  hy- 

[dro^n. 

Walfier*s.     Liquid,  dilute  sulphuric  acid;  elements,  amalgo- 
led  anc  and  platinized  carbon :  is  equal  to  the  Smee,  and 
iMper. 

Simptf  cupric  suipliatf.     Liquid,  atrniig  solution         Fm.  341. 
of  cupric sulphate:  metals,  uon-amalgamated zinc 
and  cop|>er. 

Orenet  or  hkhromnte.     Liquid,  electropoion,  L, 
which  consists  of  sulphuric  acid  and  potassium 

1  bichroiuate,  c'lich  one  pound,  water  twenty  pounds. 
Uletnetits,  anmlgamated  zinc,  Z,  and  caroon,  C. 
Fig.  841.  The  former  should  he  raised  out  of  the 
liquid  by  the  button  B,  when  not  in  use.  This 
is  the  ordinary  battery  uow  supplied  with  small 
magnet oolectric  coils  for  medical  purposes.  It 
has  great  electromotive  force,  and  resistance  is 
amalh     If  air  is  blown  through  the  cells,  or  if  the 

.fluid  or  elements  arc  agitated,  action  is  improved. 

I    LaUwchi,    Liquid,  saturated  solution  of  amoiouiuiu  chloride. 
Electropositive  niotal,  amalgamated  zinc.     Electronegative  ele- 
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ment,  a  porous  cell  occupied  b^-  a  carboik  jilate,  the  renmimler 
beins;  filled  witli  oxide  of  nmiigiuiese,  in  coarse  [lowdcr,  aud 
Bmftll  pieces  of  gSB  carbon.  Works  a  long  lime,  requiret  wMer 
to  make  up  ]o6s  by  evaporattuD. 

Collanti^s  gravity.     Elements,  a  plate  of  copper,  C,  Fig.  342, 
connected  to  an  ineulatcd  wire.    This  is  placed  in  tbo  bottom  of 
a  jar,  and  covered  with  crvstulu  of  ciipric  sol- 
Fio.  Sis.  pi'iate.    The  jar  is  then  filled  with  uater.aiwi 

tbezinoeU'iuent,  Z,  suspended  tlierein.  Tlw 
zinc  sulphiite  which  forms  floats  on  the  sar- 
face  of  the  cupric  sulphate,  8.  1*  Tery 
constant  if  Iush  uy  evaporation  is  replaced. 
Pukrrmaeher's  chain  consists  of  smtill  cyl- 
inders of  wood  oil  which  zinc  and  copper 
wires  are  spirally  coiled,  each  being  in- 
sulated from  its  neighbor.  Il  ts  thrown 
into  action  b,v  dipping  into  acidulated  vrnter. 
Is  not  constflDt, 


OvtlMd*!  ffiaiHr  li«tlD(7- 


834.  Double  Fluid  Batteries.  — /)';w//'s. 
Eleineiits,  amalgainAteii  zijic,  Z.and  copp«r, 
C  Ki^.  343.  A  elnsA  cell  containing  satu- 
rated cupric  sulphate,  K.  Inside  of  the  copper  cyliniler  fits  a 
porous  cell  containing  sulphuric  acid,  A,  aii<l  into  tliiet  the  ziac, 
Z,  difm.    Is  very  constant.     Serves  as  a  standard. 


Fio.  848. 


•»*K 


Pre  SI4. 


iDwIoll-i  cdL 


Onvt'lMll. 


Mmdhiger's.  Elenienteii,  uniHlgiininted  zinc  and  copper.  C'trong 
solution  of  rnagnesiam  ntulphnte  containing  the  zinc,  and  crj'stals 
of  cupric  sulplmle  cover  the  copper.  jSo  poroua  cell,  vt  i 
gravity  battery  iiud  very  constant. 

Qroee's.  Elements,  amalgamated  zinc  and  platinum.  Dilute 
ealpburic  acid  is  placed  in  a  glass  cup,  S,  Fig.  344,  in  thi»  the 
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zinc,  Z,  h  put;  then  a  porous  earthenware  jar,  JJ,  filled  with 
_nitric  acid  into  which  the  phuinum,  J',  ol'ihe  next  cell  dips. 
T)puiaW8.     Elements  ua  in  the  laat,  and  tluidK  the  same.     In 
lace  of  gtaM,  rcutuugular  cups  of  rubher;  the  ]>uroU8  cells  the 
kme  ahiipe,  and  otil^  halfun  inch  wide.     Haa  ereat  power,  and 
adapted  for  lecture-rootD  experiments,    racks  into  snuill 

Bujisfn's.  Elements,  amnlfffliuflted  zinc  and  carbon.  Vessels, 
a  glasH  jar  and  porous  cup.  Liquids,  dilute  sulphuric  and  strong 
nitric  add. 

BkhromaU.  Same  as  Bunsen's,  bat  charged  with  electropoion 
In  place  of  nitric  acid. 

P  835.  Care  of  Battehei. — In  those  only  used  at  considerable  i^- 
tervais,  the  porous  cups  must,  he  well  cleansed  botoro  tliey  are 
>ut  away.  Soaking  for  two  or  three  days  in  water,  changed 
jbree  or  four  times,  suffices.  It  this  is  not  done,  they  deteriorate 
rery  rapidly,  and  their  usefuhiess  ie  impaired.  Forms  in  which 
carbon  is  employed  should  also  be  carefully  cleaned,  the  carbon 
remaining  in  water  for  three  dayR,  and  the  latter  repeatedly 
changed.  Hy  attending  to  the  clcanmng  of  a  battery,  it  can  oe 
used  for  many  yearn,  otliurwise  it  is  soon  destroyed. 

836.  Meajorements  of  Electricity. — The  following  table  repre- 
sents the  electromotive  force  of  some  of  tlic  ordinary  batterioe 
in  use.     The  unit  of  comparison  is  a  DanielPa  cell: 


Dttnivll'i  wtemeiit 
I<«olMichi'i     ** 
BttllHn** 
Qrove'a  " 


"  The  greatest  eleetromotive  force  was  obtained  by  Beetx  from 
elements  consisting  of  potassium  amalgam  in  caustic  potash, 
with  manganese  dioxide  in  solution  of  potassiuni  permanganate. 
It  poBocssed  three  limes  the  strength  oi  the  Danicll. 

tTlie  stfindard  of  elet-tromotive  force  is  the  Volt,  it  is  a  little 
ess  Uian  that  of  a  rMnielt'soulI,  which  may  betaken  as  1.1*2  Volt 
The  unit  of  current  is  a  Webrr.  which  is  eijual  to  an  electro- 
Jiotive  force  of  oue  Volt  working  through  an  Ohm,  the  unit  of 
resistance. 

The  Ohm  ip  the  famous  B.  A.  (Brili.«h  Asswinlioy)  unit,  and  is 
reproeeuttid  by  a  column  of  mercury  104.81  centimetres  long, 
one  square  niillimetrc  in  section,  maintaine^l  at  a  temperature 
^ofO''  Cent. 

'  837.  Kethodi  of  Conpling. — Cells  may  be  coupled  for  quantity 
or  intouaity.  Suppose  a  battery  of  40  cups,  and  it  is  desircil  to 
get  the  largest  quantity  therefrom.     All   the  zince  would  be 
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united  for  one  pole,  and  the  carbons  for  the  opposite.  The 
intenait}'  would  be  that  of  a  single  cell,  bat  the  quantity  equal 
to  40.  Now,  if  required  to  obtain  the  greatest  intensity,  the 
cells  would  be  coupled  alternately;  in  a  Grove  battery  itwonld 
be  zinc,  sulphuric  acid,  nitric  acid,  platinum;  zinc,  sulphuric 
acid,  nitric  acid,  platinum,  and  so  on  for  40  variations.  In  thii 
case  the  theoretical  value  of  the  result  would  be  quantity  1, 
intensity  40. 

Again,  a  battery  might  be  coupled  in  two  series  of  twen^ 
each,  giving  quantity  2,  intensity  20;  or  four,  giving  quantity*, 
intensity  10;  or  the  opposite,  viz.,  quantity  10,  intensity  4. 

It  is  understood  that  full  values  are  never  obtained  in  prac- 
tice, resistance  and  other  causes  reducing  them  materially. 

838.  Bry  PilsB. — In  these,  paper  replaces  the  liquid  of  abst- 
tery.  That  of  Zamboni  consists  of  paper  coated  with  tin  on  one 
side,  and  binoxidc  of  manganese  on  the  other,  and  cut  into  diaka 
half  an  inch  in  diameter.  One  or  two  thousand  are  packed 
away  in  a  glass  tube  with  the  tin  of  one  always  in  contact  with 
the  manganese  of  the  next.  The  tube  has  a  knob  and  rod  at 
each  end,  one  of  the  latter  has  a  screw  thread  cut  on  its  surfiice, 
and  is  used  to  press  the  disks  together.  The  manganese  is  the 
positive,  the  tin  the  negative,  element. 

Dry  piles  sometimes  retain  their  power  for  years,  it  is  the 
result  of  slow  oxidation  of  the  metals. 

839.  Fanre's  Accumulator  consists  of  two  strips  of  sheet  lead 
about  seven  inches  wide  and  several  feet  in  length.  These  are 
coated  with  red  lead,  covered  with  canton  flannel,  and  bent 
backwards  and  forwards  in  contact  with  each  other,  and  packed 
in  a  lead-lined  box.  They  are  close  together,  but  there  is  no 
metallic  contact  between  them,  the  canton  flannel  acting  aa  the 
insulator.  The  box  is  charged  with  dilute  sulphuric  acid,  and 
its  polar  terminations  brouglit  in  connection  with  a  dynamo- 
electric  machine.  After  some  hours  of  action  the  Faure'e  cell 
is  stored.  If  it  is  now  separated  from  the  dynamo,  and  its  poles 
used  in  the  same  manner  aa  those  of  any  ordinary  battery,  it 
gives  out  its  electricity  gradually. 

Under  the  title  of  storage  batteries  or  accumulators,  the 
Faure's  cells  are  coming  into  general  use  for  many  purposes. 

840.  The  Spark. — Use  a  Grove  Ijattory  of  six  cells,  coupled 
alternately  for  intensity,  with  copper  poles. 

The  poles  are  touched,  on  separating  them  the  voltaic  spark 
is  seen.     It  is  a  green  color,  owing  to  the  presence  of  copper. 

If  the  (inrreiit  is  weak  from  a  smaller  battery,  the  discharge 
is  seen  better  by  bringing  one  pole  in  communication  with  oue 
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a  file,  and  drawing-  the  other  rapidly  over  its  snrface,  a 
appears  u^  co]itiK't  \a  [iiude  uiid  brukun. 
lUlisfa  fonncction  between  mercury  and  one  pole,  with  the 
make  aud  break  contact,  a  spark  appears  each  time  at 
iee. 

f  The  Are. — Vae  fifty  oells  of  a  Grovo  battery  coupled  for 
sity.     Betwfton    two   terminals   of  carbon    when    touched 

ie>  produced  which  con- 
B  when  the  poles  are  separ- 
for  ft  short  distance,  de- 
ing  on  the  strength  of  the 
ry.  The  continuous  pns- 
of  electricity  between  tlie 
ins  is  called  Uio  aiT.     The 

excfccdingly  intense.    If 

tme  intervener  between 

aud  a  screen,  it  casts  it 

thereou.  The  unbroken 
im  one  pole  to  the  other 
MDStratc-a  its  dynamic  char- 

leo  the  carbon  terminals 
r  water  in  a  glast^  globe, 
establi.Hh  contnmnicution 
the  battery.  At  ouce  the 
B  seen,  thoUKb  somewhat 
lishcd  in  brilliancy, 
irions  contrivances,  called 
lators,  are  used  to  keep  the 
nee  between  the  carbon 
nodes  sucb  that  tlie  current 
iridge  it  over.  The  lLD;bt 
fluently  ahows  a  wavennj? 
tfter,  very  trying  to  the 
I  By  recent  improvement 
^nanio  machines,  electric 
i  of  many  thousandti  can- 
ttrilliancy  arc  obtained. 

I  I^ition  EifectB.— Pass  the 
fct  alon^  a  slender  plati- 
wire,  It  is  immediBtcly 
1  to  a  bright  white  heat, 
'n  as  incandescence.  If  the  current  is  sufficiently  strong, 
'used.  This  is  the  principle  involved  in  the  Edison  light 
luires  much  less  intensity  than  the  arc.     It  is,  therefore, 
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less  dangerous.  As  platinum  undergoes  a  change  bj  the  pas- 
sage of  the  current,  Edieon  prepares  it  by  slow  heating  in 
vacuo. 

The  carbon  incandescent  light  consists  of  a  U-shaped  filament 
of  carbon  cut  from  a  card  and  charred.  It  is  enclosed  in  a  smal! 
glass  vessel  which  is  vacuous.  The  passage  of  the  current 
gives  a  very  satisfactory  light.  The  difficulty  of  obtaining  ma- 
terial yielding  a  carbon  perfectly  homogeneous,  has  been  sur- 
mounted by  evaporating  collodion  in  shallow  vessels,  pasaingthe 
residue  between  steel  rollers,  cutting  the  product  thus  obtained 
in  the  proper  form,  and  carbonizing  it  without  access  of  air. 

843.  SeflaErration. — If  one  of  the  poles  of  a  battery  consiataof 
a  cup-like  cavity  in  gas  carbon,  and  in  this  sodium  or  potassinm 
is  placed,  on  bringing  a  pointed  pole  to  bear  thereon,  the  metal 
is  fused  and  volatilized.  In  this  manner,  the  most  refractory 
may  be  detlagrated  or  driven  off  in  vapor.  Gold  is  volatilized 
without  difficulty,  and  metals  held  in  the  escaping  vapor  are 
gilded. 

Metals  used  as  terminals  are  &lso  volatilized  in  the  arc  of 
electricity  which  passes  from  pole  to  pole.  If  submitted  to 
examination  by  the  spectroscope,  the  lines  characteristic  of  the 
spectrum  of  each  are  seen.  By  comparing  these  with  the  re- 
versed lines  of  the  solar  spectrum,  the  presence  of  the  different 
metals  in  the  atmosphere  of  the  sun  has  been  demonstrated. 

Magnetic  effects  produced  by  the  voltaic  current  will  be  dis- 
cussed under  the  head  of  electromagnetism. 


C'lTAPTEK    XLA^II. 

VOLTAIC    DECOMPOSITIONS, 

Docornjiosilion  iif  wjitiT— T!i>;  vol tHiiiPti'r—necomposi lion  of  cupric  sulphate— 
lldcom position  of  S"diiim  cliJoride — Electrothemical  theory — Polarisation  of 
electrodes — Electro  rnetiilliirgy — Electroplating. 

844.  Decomposition  of  Water. — Two  English  chemists  were 
attempting  to  determine  the  conducting  power  of  various  sub- 
stances. Among  licjiiids  the  iirst  they  experimented  with  was 
water.  Tliey  luid  enclosed  it  in  a  tube  the  ends  closed  by  corks 
through  which  the  polar  wires  of  a  battery  passed.    These  could 
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!e  ftpproachocl  nearer  to,  or  drawn  further  ^'o-  **'^ 

from  each  other.  The  wires  were  of  copper. 
and  they  expected  to  determine  the  eftecl  of 
intervening  columns  of  various  lengths  of 
liquid  botwcen  the  polar  turtninatious.  The 
apparatus  being  in  order,  and  connections 
made  with  the  battery,  tliey  found  to  their 
surprise  that  at  one  pole  gua  woa  evolved, 
while  at  the  other  a  pale  bine  material  ^itid- 
ually  aecurnulaled  irt  the  lower  t:>iLrt  ot  the 
tube.  Various  explanations  were  given  of 
the  phenomena,  at  last  its  true  nature  was 
revealed  by  iinalybis.  The  blue  Tuaterial 
proved  to  be  hydrated  oxide  of  copper. 
They  had,  therefore,  docoinposed  water, 
which  up  to  that  time  was  suppoBod  an  ele- 
Tuentary  body,  and  had  separated  it  into  hy- 
drotjen  and  oxygen ;  the  former  was  tiet  free 
in  the  gaseous  state  while  the  latter  wiih  the 
copper  liad  formed  u  hydrate  of  copper. 

IrnproveiHontfl  in  the  iippanilus  soon 
eubslantiated  the  truth  of  this  explaaatiou, 
for  bending  a  tube  into  a  U  form,  and  allow- 
inff  the  battery  to  terminate  in  platinum 
poles,  -h  and  — ,  Fig.  34G,  which  are  not  acted 
on  by  water,  one  in  each  arm,  gas  was  evolved 
from  both  poles.  At  one  hydrogen,  at  the  other  pure  oxygen. 
The  quantities,  moreover,  bore  a  detiuite  relation  to  each  otlier. 
There  was  always  twice  as  mucJi  of  the  former  as  ihe  latter. 
It  wa&  therefore,  demonstrated  that  water  is  a  compound  body, 
formal  of  hydrogen  and  oxygen,  iu  the  proportion  expressed  by 
the  formula'HjO- 

845.  The  Voltameter. — Previous  to  the  discovery  of  the  com- 
pound character  of  water,  many  futile  attempts  had  been  made 
to  test  the  value  of  electric  currents,  but  no  reliable  method  had 
been  devised.  The  deconi position  of  water  by  strong  currents 
of  electricity  waa  soon  advanced  as  giving  a  satisfactory  means 
of  detorniinin^  the  value  of  such  currents.  The  apparatus  was 
called  the  Voltameter.  It  consisted  of  a  tube  graduated  to 
cubic  centimetres,  or  to  cubic  inches  and  fractions.  Platinum 
or  gold  terminals  of  a  battery  passed  through  the  Iwttom  of 
a  cup,  and  were  arninged  face  to  face  iu  its  interior,  a  moderate 
distance  intervening  liclwecn  them.  On  estaliti^sliing  communi- 
cation with  a  battery,  gas  was  evolved  from  tlie  terminals,  and 
the  time  required  to  collect  a  given  quantity  of  the  mixed  gasea 
represented  the  power  of  the  battery.  This  method  still  con- 
stitutes one  means  for  oblaiuiiig  the  value  of  strong  currents. 
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846.  Decomposition  of  Cnpric  Sulphate. — Let  the  polar  wires  of 
a  battery  terminate  in  a  strong  solution  of  sulphate  of  copper. 
The  cathode  a  conducting  surface  of  any  kind,  the  back  aod 
sides  coated  with  anj  non-conducting  material,  ae  wax.  The 
anode  a  plate  of  copper.  A  current  of  suitable  strength  from 
a  small  Smee  battery  is  then  passed  through  the  liquid.  At^er 
a  time  the  cathode  is  removed,  when  it  will  be  found  coated 
over  with  metallic  copper,  if  the  strength  of  the  battery  has 
been  properly  adjusted.  The  action  of  the  current  has  been  to 
cause  a  deposit  of  copper  on  the  cathode.  As  fast  as  this  takea 
place  the  sulphuric  acid  disengaged  upon  the  anode  attacks 
It,  and  restores  the  metal  to  the  solution.  This  conveyance  of 
copper  from  anode  to  cathode  continues  as  long  as  the  former 
lasts  or  the  battery  retains  sufficient  power. 


Fio.  847. 


847.  Decomposition  of  Sodium  Chloride. — Take  a  vessel  shaped 
like  the  chimney  of  a  kerosene  lamp,  A,  Fig.  347.  Close  the 
lower  mouth  with  a  layer  of  goldbeater's 
skin,  tying  it  on  firmly.  Prepare  a  tolerably 
strong  solution  of  sodium  chloride,  add  to  it 
sufficient  red  litmus  water  to  give  it  a  strong 
tint.  Pour  half  into  the  vessel,  let  it  rest  in 
a  goblet,  B,  and  pour  the  other  half  into  this. 
Pass  into  the  former  the  platinum  terminal 
of  the  cathode:  into  the  latter  plunge  the 
anode.  Make  connection  with  the  battery. 
Gas  bubbles  appear  at  both  poles,  but  the 
liquids  are  prevented  from  intermingling  by 
the  intervening  septum  of  goldbeater's  skin. 
At  the  cathode  sodium  is  set  free,  which  in- 
stantly  attacking   the    water    becomes  con- 

verteA  into  sodium  oxide,  and   its   alkaline 

sudiura  cuioriao  iu-con.po*Hi,  rcaction  is  exhibited  by  turning  the  red  litnuia 
blue.  At  the  anode  chlorine  is  evolved,  as 
shown  by  bleaching  of  the  litmus.  The  sodium  chloride  has, 
therefore,  undergone  decomposition,  the  sodium  appearing  at 
the  cathode,  and  the  chlorine  at  the  anode. 


848.  Electrochemical  Theory. — A  number  of  illustrations  of 
this,  so-called,  sMwg  decomposition  might  be  given.  We  may, 
however,  sum  up  the  results  in  a  table,  as  follows: 


Ti>  aniide  or  -i-  i-olii. 
Oxygen. 

Cliinrine,  bromine,  etc. 
Acids. 
Eleclronegiitives. 


To  ctith(nle  or  —  pule, 

H  yd  rogen. 
Molals. 

HH<>es. 
Eleclropositives. 


I 
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The  bodies  attracted  by  thu  anode  or  positive  pole  are  eleetro- 
:liegative8.  Those  attracted  to  the  cathode  or  negative  ptde  are 
electropositives.  It  is  Diiderstood  that  the  terms  electronejga- 
live  ntid  electropositive  are  relative,  and  refer  to  the  relation 
of  the  two  substances  under  the  conditions  which  they  are  sub- 
mitted to  extmiiinicion. 

To  this  decomposition  by  electric  action  the  name  of  fUctra- 
(j/sis  is  given.  The  bodies  subjected  to  the  action  oi  the  curreal 
are  called  electrolytes.  The  substance  whicli  appeurti  at  the 
catho<le  is  called  the  kationr,  that  nt  the  anode  the  animte. 

849.  Polarization  of  Electrodes, — Let  a  current  pass  from  pla- 
tinum electrodes  throuifh  water  for  a  time.  Literriipt  it,  and 
connect  the  electrodcK  with  »  galvanometer.  They  will  be 
found  to  give  a  tolerably  strong  flow  of  electricity  which  passes 
ill  the  opjjosite  direction  to  that  of  the  battery.  The  explana- 
tion  lies  in  the  fact,  that  oxy^vti  has  been  condensed  un  the 
anode,  and  hydrogen  on  the  cathodw.  The  efiect  of  this  is  to 
produce  a  current  opposed  in  tta  action  to  the  original. 
I  On  this  principle  bBttcries  of  one  element  may  be  con- 
alructed.  consisting  of  platinum  poles  separated  by  moistened 
cloth.  These  are  connected  with  a  battery  and  charged.  They 
arc  then  separated,  and  bejnjf  attatdied  to  a  galvanometer,  give 
a  current  in  the  opposite  direclioti  to  the  original.  They  are 
called  seconilary  batteries.  Planters  battery,  which  was  the 
original  of  Faure'^  accumulator,  is  of  this  description. 

BW>.  EleotrometftUor^,  or  galvannplnstice,  is  the  application 
of  voltaic  eiectrivity  to  copying  muduU,  type,  and  other  objects. 
The  operation  consistit  4irst,  iit  securing  an  accurate  mould  of 
the  object,  upon  which  copper  or  some  other  metal  can  be 
deposited  by  an  electric  current.  Various  methods  are  resorted 
to  for  making  the  cast.  One  consists  in  softening  gutta-percha 
in  water,  pressing  it  against  the  object,  and,  when  cold,  detach- 
ing it.  The  process  usually  employed  is  that  followed  in  ekeiro- 
ti/pwg.  A  ntixture  of  wax,  tallow,  and  turuentine,  of  proper 
propurtiout),  is  melted  and  |>ourcd  into  simllcw  \ni\\A.  When 
set,  it  is  brushed  over  with  finely  powdered  graphite.  While 
still  0ott  the  form  of  type  is  pressed  un  its  surface,  and  an 
accurate  copy  obtained.  This  is  suspended  from  the  negative 
pole  of  a  battery  in  a  solution  of  copper,  a  plate  of  the  same 
metal  being  attached  to  the  positive  polo,  when  a  deposit  forms 
on  the  cast. 

The  batteries  employed  are  usually  either  Daniell's  or  Smee's. 
Currents  from  magnetocleetric  machines  uf  special  construction 
are  used  when  a  large  amount  of  work  is  to  ue  done. 

In  all  such  operations  a  number  of  conditions  govern  the 
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character  of  the  deposit.  Among  them,  the  power  of  the 
current  of  the  battery,  the  strength  of  the  solution  used  for 
electrotyping,  and  its  temperature.  If  the  conditious  are  cor- 
rect, a  tenacious,  flexible  metallic,  or  reguUne^  deposit  ia  ob- 
tained. If  the  current  ia  too  strong,  the  deposit  becomeB  pul- 
verulent and  black;  if  too  weak,  it  is  brittle  and  crystalline. 
The  object  of  the  eiectrometallurgist  is  to  adjust  them  to  obtain 
the  reguline  deposit. 

The  application  of  this  principle  to  the  preparation  of  tbrma 
for  printing,  makes  the  issuing  of  enormous  editions  of  tbe 
great  daily  papers  possible  in-  the  few  hours  available  for  that 
purpose.  The  type  ia  set  and  corrected,  a  number  of  impres- 
sions of  these  forms  in  wax  are  then  taken,  they  are  electro- 
plated. The  electroplates,  each  a  perfect  copy  of  the  original, 
are  separated  from  the  wax,  and  melted  metal  poured  into  them. 
All  are  reduced  to  a  uniform  thickness,  and  mounted  in  a 
printing  machine.  Thus,  in  place  of  printing  from  a  single 
form,  ten,  fifty,  or  even  a  hundred  sets  of  copies  of  the  original 
are  all  doing  work  at  the  same  time. 

851.  Electroplatings  differs  from  tbe  preceding  in  that  it  is  an 
exceedingly  thin  deposit  of  gold,  silver,  iron,  nickel,  or  other 
metal  on  the  surface  of  some  composition  or  alloy.  The  prepa- 
ration of  the  objects  is  usually  by  two  stages;  Ist.  Tlie  fatty 
matter,  with  which  their  surfaces  are  covered,  ia  destroyed  by 
heat.  2d.  The  oxide  formed  in  the  preceding  operation  is 
removed  by  immersion  while  still  liot  in  very  dilute  nitric  acid. 
They  are  then  rnbbed  with  a  hard  brush  in  pure  water,  dried 
in  hot  sawdust,  and  attached  to  tlie  negative  pole  of  a  battery, 
the  positive  bearing  a  plate  of  gold  in  the  solution. 

There  is  considerable  variety  in  the  composition  of  the  solu- 
tions or  electrobatlis  for  gilding.     The  ordinary  one  is: 

Auric  chl'iride 1  part. 

Potjifi?iuin  cviiiiide 10  parts, 

WiiHT       .    " liOO      " 

In  electrosilvering  the  composition  of  the  bath  is  as  follows: 

Arj:i?iilic  cyanide 2  parts. 

l'.iias*iinii  cvaiiide 2      " 

Wiilfr      .    " 2.V)      " 

A  plate  of  silver  or  gold  is  suspended  from  the  positive  elec- 
troiif,  the  i>ro])er]y  cleansed  articles  from  the  negative. 

Tlie  bath  for  deposition  of  iron  is  prepared  by  attaching  a 
lartje  sheet  of  iron  to  the  positive  pole  in  a  vessel  filled  with 
siiturated  solution  of  ammonium  chloride.  A  small  strip  of 
iron    is   attached    to   the    negative   pole.      The    current   being 
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iit  ie  diMolred,  while  hydrogen  escapes  from  the  small 
elcinent.  When  the  hath  \s  changed  an  eDgraved  plate 
of  copper  may  he  suhstituled  for  tht;  Biiiall  strip  of  iron,  a 
bright  dt.'pQ8it  fbrme  at  ouc«,  the  platv  takini;  on  the  api.>earai)ce 
of  polished  steeh  The  proeese  ia  cailmi  steding  iht.  acifriufe.  In 
the  coune  of  half  an  hour  it  ift  sufficiently  thick,  and  of  ex- 
ceeding hardneoe,  an  inimotiso  uumber  ol  impreBsions  can  be 
struck  off. 

The  bath  for  nickel  is  prepared  in  the  same  manner,  or  by 
directly  mixing  ttalts  of  amniunia  and  nickel,  either  chloride 
or  sulphate  of  the  metal  with  chloride  of  ammonium.  The 
deposit  tendft  to  form  irregularly  and  strip  oH'  This  is  coun- 
teracted hy  repeatedly  romoring  it,  ropolishtng  it,  and  return* 
ing  it 

Kickelplattng  is  now  extensively  resorted  to  for  coating  sur- 
faces of  all  kindn  of  surgical  and  oh»tctricn1  inRtruments  and 
apparatus.  It  resists  ordinary  corroaives,  and  air  has  no  action 
upon  it. 


CHAPTER  XLYIII. 
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HmI  Id  ol)Btniot«)  conducwr 


-Th«rmM>1octric  bKtt«rie»— TlMtmioolKtric  lerif 
Other  Imlterie*. 


868.  Heat  in  Obstructed  Condactora. — When  a  current  of  elec- 
tricity is  passed  along  a  conductor  of  too  small  a  section  to 
permit  its  free  transit,  the  temperature  of  the  latter  Hftca,  and  it 
may  fuee  thoiigli  conipoecd  of  the  raoal  refractory  metal.  The 
converse  of  tluH  is  also  true:  if  we  warm  a  conductor  along  which 
heat  fails  to  pass  freely,  by  virtue  of  a  strain  upon  its  molccnlcs, 
electricity  is  developed  which  is  readily  detected  by  a  galvano- 
meter. 

In  illnstration,  take  a  copper  mre  and  tie  a  knot  in  it,  to 
strain  or  put  tension  npon  ita  molecules.  Connuct  iti?  ends 
with  the  pole  of  a  galvanometer,  then  apply  a  spirit  fianie  near 
the  knot.  The  torsion  of  the  wire  affords  an  obstacle  to  the 
paaaago  of  heat,  and  the.  needle  of  the  galvanometer  shows  an 
inatantaneoufl  movement  from  the  electricity  developed.  To 
this  the  name  of  thermoelectricity  ia  given. 
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853.  Thermoeleotrio  Batteriei. — While  only  a  single  metal 
may  be  forced  to  show  thermoelectric  properties,  the  pheno- 
mena are  much  better  developed  where  two  are  used.  Take, 
for  example,  a  small  bar  of  antimony,  A,  and  one  of  bismuth, 
B,  solder  them  together  as  in  Fig.  348.  To  the  free  extremi- 
ties connect  polar  wires,  by  which  the  apparatus  may  be  attached 
to  the  galvanometer.  Connect  it  and  apply  cold  to  the  junction 
of  the  two  metals,  the  needle  at  once  shows  the  production  of 

Fto.  848. 


TluTiiiiiiiil'". 

a  current.     Apply  heat  thereto,  and  the  swing  of   the  needle 
is  reversed,  showing  that  direction  of  the  current  is  changed. 

A  number  of  such  elements,  of  antimony  and  bismuth 
soldered  together  at  their  alternate  ends,  the  order  of  alterna- 
tion being  carefully  preserved,  and  the  bars  being  insulated 
elsewhere,  constitutes  a  thermoelectric  battery.  The  number 
of  pairs  increases  the  intensity  of  the  current.  The  ordinary 
number  is  forty-nine,  arranged  in  seven  rows  of  seven.  This 
gives  an  end-section  about  an  inch  square,  C,  and  is  known  as 
Xobili's  thermoelectric  pile.  In  connection  with  a  galvanometer 
it  forms  the  thermoelectric  multiplier  of  Melloni,  which  is  one 
of  our  most  delicate  instruments  for  measurement  of  tempera- 
ture. 


854.  Thermoelectric  Series. — -After  many  experiments,  the 
thcrnioeleetrie  relutions  of  various  substances  to  each  other 
werecarefully  determined,  and  are  set  forth  in  the  following  table. 
The  value  of  any  pair  may  be  found  by  subtracting  the  figures 
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from  each  other,  if  they  have  the  same  'sign,  or  adding  them  if 
the  signB  are  difierent : 


Bismuth  . 

.     +26 

Qag  coke 

—0.1 

Cobalt 

9 

Zinc   . 

0.2 

PotBuium 

6.5 

Cadmium   . 

0.8 

Nickel     . 

6 

Strontium  . 

2.0 

Sodium    . 

8 

Arflenic 

8.8 

Lead 

1.08 

Iron   . 

5.2 

Tin 

1 

Bed  phosphoruH 

9.6 

Copper    . 

1 

Antimony  . 

9.8 

Platinum 

0.7 

Tellurium  . 

179.9 

Silver 

1.0 

Selenium    . 

290.0 

Compared  with  hydroelectric  currents,  these  are  quite  feeble. 
The  electromotive  force  of  a  bismuth  copper  element  with  a 
difference  of  100°  C.  in  the  temperature  of  their  junctions,  is, 
according  to  one  authority  ^,  and  to  another  ^^,  that  of  a 
Daniell's  element. 

866.  Other  Batteries. — Becquerel  diacovered  that  artificial  sul- 
phide of  copper  combined  with  copper  had  an  electromotive 
force  nearly  ten  times  as  great  as  that  of  a  bismuth  copper  pair. 
Since  this  sulphide  only  melts  at  over  1000°,  very  high  tempera- 
tures may  be  employed. 

Clamond's  battery  has  been  applied  to  telegraphing  and 
plating.  The  negative  metal  is  an  alloy  of  two  parts  antimony, 
and  one  zinc.  The  positive  a  thin  strip  of  tinplate.  Heating 
is  effected  by  a  Bunsen  flame,  so  applied  that  only  the  hot  air 
from  it  touches  the  elements.  The  temperature  should  not  rise 
above  200°. 


SECTION  X. 
MAGNETISM, 


CHAPTER    XLIX. 

HISTORY.     LAWS.     DISTRIBUTION. 

Natural  magnets — Artificial  magneu — Compound  magnets — Polarity  law  of  au 
traction  and  repulsion — Alagnetic  distribution — Magnetic  metaU — Magnetic 
Induction. 

856.  ITatnral  Magnets  were  known  in  Enrope  more  than  2000 
years  ago.  The  Chinese  hiive  used  them  since  600  B.  C.  They 
were  portions  of  iodestone,  native  oxide  of  iron,  having  the  com- 
position Fefi^.  It  was  first  found  at  Magnesia,  in  Asia  Minor. 
A  small  portion  freely  suspended  by  a  thread,  sets  itself  with  its 
long  axis  north  and  south.  It  is,  as  a  rule,  very  free  from  admix- 
ture with  otlier  minerals,  and  when  smelted  yields  a  remarkably 
pure  iron. 

While  we  mark  the  north  end,  the  Chinese  mark  the  south 
end.  They  used  magnets  as  iron  needles  to  guide  them  across 
the  deserts  of  Asia.  In  French  works  the  end  pointing  north 
is  called  the  austral  or  southern  pole;  that  south  the  boreal  or 
northern  pole.  The  English  call  that  which  points  to  the  north, 
the  north  pole;  to  the  south,  the  south  pole. 

The  awkward  form  of  most  native  magnets  makes  them  less 
advantageous  for  illustrating  their  properties  than  those  which 
are  artihcial.  AVe  shall,  therefore,  pass  at  once  to  a  deacriptioa 
of  the  latter,  and  it  is  understood  that  their  use  is  alwavs  im- 
plied unless  otherwise  stated. 

857.  Artificial  Magnets  are  either  straight  or  horseshoe  shaped 
bars  of  steel,  which  have  been  rubbed  on  natural  or  electro- 
magnets.    If  freely  suspended,  they  point  X.  and  S. 

If  placed  in  wrought-iron  tilings,  Fig.  349,  these  arrange  them- 
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nil  about 
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768  in  curved  lines  about 
the  central  regioiiB,  K.  Ilenee,  the  twoextreiniliefl  are  called  the 
poles,  and  xhv  ciutrnl  portions  the 
iieutnit  line.  Soinetiiims  a  iimgiiet 
will  show  interine<liate  polca  be- 
tween the  true  termiiml  onee.  Such 
arc  ahnurmiil. 

The  shortest  line  joining  the  txvo 
poles  is  t«Iled  the  axis  of  the  mag- 
net. The  plane  at  rii^lit  angles  to 
this,  and  paetsin^  through  the  iieutrat 
line,  is  called  the  equator. 

In  a  horfle»hoe  tnagnct,  Fig.  340, 
the  axis  ia  in  the  line  ol' its  keeper.  K, 
or  small  piece  of  soft  iron,  in  contact 
with  liie  poles  N  S.  The  keeper 
ahould  always  remaiu  iu  contact 
with  the  poles,  as  it  reacts  upon 
them,  and  enables  the  iuelruiiieut 
to  preserve  its  properties. 

Asa  rule,  tlie  uortli  pole  is  marked 
N.,  and  the  south  S.  In  Home  the 
former  is  colored   red,    the   latter 

blue;  hence,  the  use  of  the  terms  red  and  blue  magnetism,  08 
equii-alent  for  north  and  south. 

B5B.  Compoand  Ha^Qets. — In  place  of  making  a  magnet  of 
a  single  pii-<-L-,  it   i^^  Inund   that  better  effects  are  gained  by 
corabming  a  number  of  thin  sheets  of  steel.  Fig. 
SAO,  A,  magnetizing  each,  and  then  bindingthem         l^io-  8fiO. 
together  hy  screws.    For  a  given  weight  of  metal 
a  more  powerful  action  is  obtained. 

This  form,  constructed  as  a  horseshoe,  is  gener- 
ally employetl  in  various  magnetoelectric  instru- 
menta.  From  the  nearnesa  of  its  polee  it  gives  a 
etronffer  result,  and  presents  the  advautaffe  of 
the  prcservatiou  of  its  power  by  the  keeper  B. 


'B 


8fi9.  Polarity  Law  of  Attraction  and  Repulsion- —  V^ 
ll  hat  been  seen  in  the  preceding  artiL-le  that  soft  oomi-rtin.! m.pi«L 
iron  filings  are  attracted  by  the  magnet.  If,  for 
these,  a  email  bar  of  soft  iron  is  substituted,  and  presented  to  a 
freely  suspended  magnet,  it  will  attract  it  equally  by  either 
extremity.  If  in  place  of  the  >toft  Iron  bar  we  use  a  magnetized 
steel  one,  its  north  (lole  will  be  found  to  attract  the  south  pole 
needle,  and  repel  its  north  pole. 

Hence,  we  deduce  the  following  law  of  the  action  of  magnetic 
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poles  on  each  other.  Attention  is  directed  to  its  similarity  to 
the  law  of  electric  attractions  and  repulsions :  Unlike  poles  attract; 
like  repel. 

The  intervention  of  a  sheet  of  glass  between  the  bar  of  steel 
and  the  suspended  needle  in  no  way  interferes  with  these  move- 
ments.   The  magnetic  mjluencey  thr^ore,  passes  freely  through  glass. 

860.  Magnetic  Sistribntion — The  magnetic  influence  In  a  steel 
bar  is  not  confined  to  the  extremities,  but  is  distributed  through- 
out. In  evidence  of  this  fact,  let  it  be  broken  at  the  middle. 
Examination  will  show  that  each  fragment  is  a  true  magnet 
endowed  with  perfect  polarity.  Freely  suspended  it  points  N. 
and  S.,  one  end  attracts  the  north  pole  of  a  magnetic  needle, 
the  other  repels  it. 

Break  it  again  and  again  with  the  same  result.  'We,  there- 
fore, conclude  that  the  magnetic  influence  is  distributed  through- 
out the  bar,  and  the  neutral  line,  as  it  is  called,  is  merely  that 
portion  in  which  the  magnetisms  neutralize  each  other.  Ac- 
cording to  theory,  every  molecule  shows  polarity.  The  distribution 
may,  therefore,  be  examined  either  in  respect  to  the  molecules, 
or  to  the  whole  bar  as  a  system. 

From  the  latter  point  of  view,  the  poles  are  not  at  the  ex- 
treme ends,  but  at  a  small  distance  within.  They  are  not  per- 
manent, but  change  in  position  sliglitly  whenever  its  condition 
is  disturbed  by  the  approach  of  a  magnetic  substance. 

Tills  is  the  principle  upon  which  the  telephone  is  founded. 

861.  Magnetic  Metals. — These  are  iron,  cobalt,  and  nickel.  All 
bodies  under  the  influence  of  exceedingly  powerful  magnets 
yield  totlieir  influence,  but  these,  with  magnetism  of  the  ordi- 
nary intensity,  exhibit  magnetic  properties — that  is,  are  at- 
tracted, or  show  ])olarity. 

A  distinction  is  made  between  mau;netic  substances  and  mag- 
nets. Tlie  former  attract  either  end  of  a  suspended  magnetic 
needle.  The  hitter  exliibit  polar  attractions  and  repulsions 
wIk'ii  brought  in  its  vicinity  and  also  of  eacli  other.  Sort  or 
wrought  iron  is  an  example  of  the  former,  a  magnetized  steel 
wire  of  tlie  latter. 

Many  compounds  of  iron  are  magnetic  bodies;  some,  how- 
over,  are  notable  exceptions.  The  mineral  limonite,  an  liy- 
(Iratcd  oxide  of  iron,  does  not  show  the  property  unless  intenselv 
heated  on  cliarcoal.  I'ersulphide  of  iron  is  also  non-magnetic 
until  heated. 

862.  Magnetic  Induction.— Bring  a  small  cylinder  of  soft  iron 
in  contact  with  a  i)ar  magnet.     It  is  attracted,  and  if  in  com- 
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niuniciition  with  ita  north  polo  the  end  neitrest  to  it  taken  on 

the  opposite  magnetic  state,  the  fnrthci-  end  hecoming  north. 

Thus  bar  &(t>ir  bur  of  soft  iron  luny  be  attached  until  the  limit 

Lof  its  power  ik  reached,  Fig.  351.    Each  piece  ehowa  polarity'  at 
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its  extremities.  The  near  end  ia  south  niugnetism,  the  hirther 
north.  Separate  the  bars,  and  remove  them  from  tlie  infioence  of 
the  mu^et.  Al  once  all  pularity  is  lost.  They  becorue  inert, 
their  magnetiam  was  temporary. 


CHAPTER  L. 

"methods  op  MAOXKTIZING     TEKKKSTKIAL  MAGNETISM. 

3l*gnptixing  by  (ingle  U>u4.-b — Magnetixirifj;  by  iep«nit«  louch^Uaxi>et)x[ng  by 
di>ubl«  touch — Mii£ii<)tizinK  by  tbo  onrth'i  ndioD — Th«  pow«r  of  iiiitgii«ta — 
Mftjrtir'a  fluiitiDg  nkgnoti —  Blcditkl  BpiilKiatlofl  of  mognen — The  e«rth*aao(kio 
directive — Declination — Thu  compwa — AsUtie  oasdlo — Dipping  ncodlo. 

B63.  Ha^etiziag  by  Single  Touch. — In  this  method  one  pole  of 

a  powerful  magnet  is  passed  from  end  to  end  over  the  bar.   The 
BperatioD  is  repeated  a  nunibor  of  time^     Ita  ueutral  couditioa 
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is  thus  decomposed  throa^hoaL  The  end  last  touched  has  the 
opposite  polarity.  For  this  operation,  natural  or  artificial  mag- 
nets and  electromagnets  are  used.  The  disadvantafe  is  that 
coDseqaent  or  intermediate  poles  may  be  developed,  and  the 
power  is  not  very  strong, 

864.  Kagnetiziiig  by  Separata  Tonoh  consists  in  taking  two  com- 
pound magnets  of  equal  power,  A  B,  Fig.  352,  and  placing  their 
opposite  yoles  upon  the  centre  of  the  bar  to  be  magnetised. 
They  are  then  moved  to  the  opposite  ends,  a  6,  at  the  same  time 
and  with  the  same  rate.    They  are  then  returned  to  the  centre, 
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and  drawn  to  its  opposite  ends  again.  This  operation  is  repeated 
a  number  of  times,  on  both  faces,  until  it  is  fully  charged.    The 

magnets  by  some  are  held  vertically ;  by  others,  at  an  angle  of 
twenty  or  twenty-five  degrees.  The  method  gives  very  regular 
results. 

864  A.  Hajfuetizing  by  Bonble  Touch. — The  two  magnets  are 
placed  on  the  centre  of  the  bar  with  their  opposite  poles  nearly 
touching,  a  small  piece  of  wood  between  them.  They  are  then 
moved  simultaneously  to  one  end,  then  to  the  opposite.  This  is 
repeated  a  number  of  times,  each  half  receiving  the  same  num- 
ber of  movements  over  its  surface. 

The  process  may  be  improved  in  this  and  the  preceding 
method  by  supporting  the  ends,  a  b,  upon  powerful  magnets, 
A  B,  the  pole  on  either  side  being  of  the  same  name  as  the 
movable  magnet  of  that  side.  A  horseshoe  shape  with  close 
poles  may  be  substituted  for  the  movable  pair.  This  is  apt  to 
develop  consequent  poles.    The  magnetism  is  very  strong. 

866.  Magnetizing  by  the  Earth's  Action. — When  a  bar  of  eoft 
or  wrought  iron  is  held  in  the  magnetic  meridian  parallel  to  the 
inclination,  it  becomes  immediately  a  temporary  magnet,  the 
lower  being  the  north  pole  for  our  vicinity.  Reversing  it,  the 
opposite  end  becomes  the  north  pole.  If,  while  held  in  the 
proper  position,  a  few  blows  are  struck  with  a  hammer,  it 
retains  its  magnetism  for  a  short  time.  If  it  is  twisted,  only  a 
feeble  charge  is  developed. 
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Varioas  articleB  of  iron,  both  wrought  and  cast,  if  kept  per- 
manently in  this  position,  acquire  a  certain  amount  of  magnet- 
ism, the  north  pole  always  being  downwards. 

866.  The  Power  of  Magnets. — A  magnet  which  has  received 
its  full  development  of  force  is  said  to  be  saturated.  Among  the 
causes  which  produce  variation  in  strength,  is  tempering  of  the 
eteel  employed.  A  bar  tempered  at  dull  redness,  and  magnetized 
to  saturation,  made  ten  oscillations  in  ninety-three  seconds. 
The  same  bar  at  a  chern'  red,  took  only  sixty-three  seconds  to 
make  ten  oscillations.  It,  therefore,  follows  that  the  harder  the 
steel  the  greater  its  coercive  force.  It  is  more  difficult  to  mag- 
netize, but  it  retains  the  charge  better.  The  property  of  a 
magnet  is  also  dependent  upon  the  percentage  of  carbon  con- 
tained in  the  steel.  This  also  causes  a  variation  in  the  degree  of 
heat  at  which  it  should  be  tempered.  Compass  needles  are 
generally  tempered  at  a  blue,  which  is  about  300°  C. 

Increase  of  heat  diminishes  intensity  of  magnetism  in  a  bar; 
heated  to  a  briglit  red  it  completely  loses  it,  and  it  is  not  regained 
with  return  to  original  temperature. 

Hammering  a  steel  bar  while  being  magnetized  increases  its 
power.  If,  on  the  contrary,  a  magnet  is  allowed  to  fall,  or  struck 
a  strong  blow,  it  is  in  part  demagnetized. 

867.  Mayer's  Floating  Magnets  consist  of  magnetized  steel 
needles,   the  points   being  north,  and  the  eyes  south  polea. 
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These  are  passed  through  cork  disks  witli  the  eyes  just  pro- 
jecting, when  placed  on  water  they  float,  the  needles  being  in 
the  vertical  position. 
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If  a  strong  magnet  is  brought  in  the  vicinity  of  eeveral  of 
these  needles  floating  on  water,  thev  immediately  arrange  them- 
selves in  figures,  which  vary  according  to  their  number.  Two 
form  a  line ;  three  a  triangle ;  four  a  square ;  five  a  pentsgon, 
or  a  square  with  one  in  the  centre;  six  a  pentagon  with  one  in 
the  centre,  or  a  triangle  with  curved  sides,  and  so  on.  Throngh 
8  a,  b,  0, 18  a  and  b,  a  shock  will  often  cause  one  figure  to  pass 
into  another  more  stable. 

868.  Xedioal  Applioation  of  Kagiteti. — When  the  cornea  has 
been  wounded  by  minute  particles  of  iron  driven  into  its  sub- 
stance with  considerable  force,  they  are  sometimes  extracted 
with  a  magnet.  There  does  not  M)pear  to  be  any  evidence  that 
they  possess  medicinal  or  other  influence  on  the  human  body. 

869.  The  Earth's  Action  BiroetiTe. — From  observations  made 
in  various  regions  of  the  earth,  it  has  been  likened  to  an  im- 
mense magnet,  the  poles  not  &r  from  the  terrestrial  poles.  The 
influence  which  it  exerts  upon  the  magnetic  needle  is  directive 
only,  it  neither  attracts  nor  repels  it. 

u  a  bar  of  steel  is  weighed  before  and  after  magnetization, 
there  is  no  change.  Therefore,  the  vertical  component  is  zero. 
If  suspended  by  a  long  fine  thread,  the  course  of  the  latter  is 
vertical.  If  then  magnetized,  the  thread  remains  the  same. 
The  horizontal  component  is,  therefore,  zero.  Floated  on  a 
cork  on  water,  the  needle  oscillates  for  a  time,  and  finally  sets 
itself  N.  and  8.,  but  does  not  move  in  a  north  direction.  On  tiie 
approach  of  a  magnet,  the  needle  moves  toward  it,  but  in  the 
case  of  the  earth  it  is  equally  attracted  by  both  poles  practically 
at  an  infinite  distance;  neither  can  exert  greater  power  than  the 
other,  consequently  it  is  not  attracted,  but  merely  sets  itself  in 
relation  to  their  directive  action. 

870.  Declination  is  the  angle  which  the  axis  of  a  magnetic 
needle  makes  with  the  geographical  meridian  of  a  place.  It  is 
said  to  be  east  or  west,  according  as  its  north  pole  is  east  or  west 
of  this  meridian. 

At  present  the  declination  is  to  the  west  in  Europe  and  Africa, 
but  to  the  east  in  Asia  and  Kortb  and  South  America.  It  shows 
variations  either  annual  or  diurnal,  regular  or  irregular — the 
latter  are  called  magnetic  storms. 

At  London,  in  1580,  the  declination  was  to  the  east  11®  36', 
in  1663  it  was  at  zero.  Since  then  it  has  gradually  moved  to 
the  west,  reaching  the  maximum  of  24°  41'  in  1818;  thence 
slowly  worked  its  way  eastward,  and  in  1879  was  at  18°  40'  west. 

871.  The  CompasB  is  a  declination  needle  used  in  navigating 
ships.    It  consists  of  a  case  mounted  A  B,  to  keep  the  compass 
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in  ii  JioriKontal  piwition  iti  spite  of  tlie  sliip's  inovonients.  From 
the  bottom  of  the  box  a  vertical  axis  rises,  terminating  above  in 
a  poiut  whicb  worke  in  an  iigute  cup  attached  to  the  centra  of 
the  needle,  N.  To  tlie  latter  »  disk  of  mica  is  attached,  on 
which  «  siAr  with  thirty-two  branches  is  traced.     This  gives  the 
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eight  points  with  halves  and  quortors.  The  my  marked  with 
the  small  star  and  the  letter  X  indicates  the  position  of  the 
north  pole  of  the  needle  under  the  mica. 

87S.  Astatic  Needle. — This  is  a  combination  of  two  needle*  of 
the  mmii  strength,  juiued  parallel  to  eauh  other  with  their  polos 
in  opposite  directions.  A  combination  in  this  stale  is  free  to 
obey  any  otlier  force,  and  is  used  in  constructing  a  galvano- 
meter. 

Fig.  IM. 


Fio.  365. 


AMi(lc  (nmUiialiDii. 


PtpptllKI 


673.  Dipping  Needle,  also  called  the  inclination  eornpass.  It 
moves  in  u  vertical  instead  of  horizontal  plane,  when  tWs 
coincides  with  the  magnetic  meridian,  the  angle  which  it  makes 
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with  the  horizon  is  called  the  dip  or  incllDation.  This  differs  in 
various  parts  of  the  earth.  At  the  equator  it  is  zero,  the  needle 
being  horizontal,  passine  from  the  equator  northward  it  iD> 
creases,  its  north  polo  inclining  downwards,  until  at  the  pole  it  ie 
vertical.  Passing  southwards  Irom  the  equator,  its  south  pole 
dips  downwards,  until  at  that  pole  it  is  vertical. 

The  magnetic  equator  is  the  line  which  joins  all  places  where 
there  is  no  dip ;  it  Is  sinuous,  and  inclined  to  the  terr^trial  at 
an  angle  of  about  twelve  degrees. 


CHAPTER  LI. 

ELECTROMAONBTISM. 

Oented'B  experiments — G«lvftDometen  —  Rheceteti — Tha  long  compenutor  - 
Whe&UtoDe'a  bridge  —  EleettomsgneU — ElectromKgnetio  motors — Cost  of 
magnetic  motori — Electric  belts  nnd'alocks — The  Hone  telegraph — ^Tbe  needle 
telegraph — Reactions  of  currenta  upon  currents  and  tnsgnels— Solenoid}— 
Why  the  compftsa  needle  points  north  —  PBramsgnetism — Diamsgnetism— 
Bisnmgnctic  illustnttions — Action  of  mngnet  on  polarized  light. 

874.  Oersted's  Ezperimenti. — It  had  long  been  known  that  when 

buildings  were  struck  by  lightning,  all  small  objects  of  steel  or 

cast-iron  contained  therein  showed  more 

Fid.  85i.  Qj,  iggg  Qf  g  magnetic  property.    In  1819, 


f^  Oersted,  a  Banish  philosopher,  submitted 
these  phenomena  to  examination,  and 
found,  that  if  the  wire  in  which  a  voltaic 
current  is  passing  is  placed  over  a  freely 
suspended  magnetic  needle  in  the  same 
vertical  plane,  the  latter  is  instantly  de- 
flected, and  sets  itself  at  right  angles  to 
the  current,  its  north  pole,  we  will  sup- 
pose, being  turned  to  the  east.  If  it 
is  then  placed  beneath  the  needle  in  the 
same  vertical  plane,  the  current  still  pass- 
ing in  tlie  same  direction,  it  is  also  deflected,  but  now  the 
north  pole  turns  to  the  west. 

If  in  place  of  using  a  straight  wire,  it  is  bent  in  the  form  of  a 
reotanglo.  and  placed  in  the  same  vertical  plane  as  the  needle, 
and  surrounds  it,  when  a  current  is  sent  through  the  conductor, 
in  traversing  the  lower  limb  its  directiou  is  the  reverse  of  what 
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tt  IS  in  llie  upper.  Tliv  actioii  of  the  former,  therefore,  oasistB 
that  of  the  hitter,  ttii<t  the  iiitluencu  over  the  needle  is  increased. 
The  stronger  the  current  of  voltaic  electricity,  the  greater  its 
effect.  The  nearer  it  is  to  the  netnlle  the  greater  the  [toner  it 
pomeasea  over  it. 

By  Oeretcd's  (iiwtoverjr  the  intimate  rehitionship  hetweeii  elec- 
tricity and  niaj^netism  was  estublishetl.  This  finally  resulted  in 
giving  satisfactory  explanations  of  the  source  of  the  latter,  and 
why  the  cuuipa68  points  tu  the  north. 

879.  O&lTanometeri. — If  in  place  of  passing  the  current  around 
the  needle  once,  we  cause  it  to  pass  twenty  or  a  hundred  tiraoa, 
A,  Fig.  358,  ita  influence  is  increased, 
though  not  in  the  same  proportion.  This  is 
the  principle  involved  in  the  galvanometer, 
multiplier^  or  rhiomttre. 

The  delicacy  of  a  galvanometer  depends 
upon  the  racility  with  which  its  needle  will 
turn.  Thia  Ih  greater  as  tlie  directive  force 
of  the  earth  upon  it  is  diminished.  There- 
fore, two  with  their  poles  reversed  as  in  the 
astatic  si/stnti  are  used.  The  directive  force 
of  the  earth's  magnetism  is  thus  reduced  to  a 
very  low  point,  and  a  feehlo  current  will 
produce  movement.  The  insulat4'd  wire  is 
pa{itte<l  a  numlwr  of  times,  A,  around  tlie 
lower  neeille  of  the  HyHteni ;  it  is  usually  i.\'ound  aroun<l  a  tiat 
spool  of  ht)tie  or  ivory,  with  the  lower  needle  in  the  interior 
and  the  upper  above  it  A  current  passed  through  tLi»  arrange* 
ment  att'ecta  the  former  powerfully,  and  provides  a  very  delicate 
instrument  for  the  detection,  uotoidy  of  the  presence  of  electric 
dislurhnni'c  hut  its  direction.  The  latter  iw  varied  by  means  of 
the  .■ommulator^  whicli,  by  the  turning  of  a  button,  changes  the 
connections  and  cOD»equeutly  the  coure«  of  the  current. 

Ualvanonietcrs  are  constructed  either  for  measuring  intenaity 
or  quantity.  In  the  first  case  the  current  having  considerable 
tension,  the  number  of  turnis  may  be  hundreds  or  thousands 
(tliat  of  Du  Hois-Kcymond  made  27,000  turns),  and  the  wire  ex- 
ceedingly line.  In  the  other,  the  wire  must  have  a  much  grealor 
diameter  to  give  the  least  nossihle  resistance,  and  make  only  a 
few  turns  around  the  needle.  If  beyond  fifteen  or  twenty,  the 
influQUcc  of  the  current  on  the  noodle  is  diminished. 

The  wire  nmst  be  absolutely  pure,  and  free  from  every  trace 
of  irou,otherwir^e  it  will  interfere  with  the  action  of  the  current. 
The  insulating  material  must  be  white  silk,  not  green,  as  the 
latter  contains  iron. 

The  needles  are  suspended  by  a  filament  of  silk,  and  the 
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whole  arrangement  protected  from  dust  and  carrents  in  the  ur 
hy  a  glass  shade. 

The  comMnatum  of  a  galmnometer  with  a  thermoelectric  pUe  cod- 
Btitates  a  verj  delicate  means  of  measuring  minute  changes  to 
temperature  (863)t 

A  shunt,  by  which  the  amount  of  current  passing  through  is 
regulated,  is  usually  supplied  with  each  instrument. 

In  Thonwon's galvanometer  the  needles  are  very  small,  and  con- 
nected by  a  wire  of  aluminium  astaUoally.  This  bears  a  slightlj 
concave  mirror  about  a  quarter  inch  in  diameter,  needles  and 
mirror  weighing  about  one  grain.  The  scale  is  placed  hori- 
zontally about  two  or  three  reet  distant.  A  slit  below  it,  illa- 
minated  by  a  lamp,  allows  a  narrow  beam  of  light  to  &11  upon 
the  ^Ivanometer  mirror  which  reflects  it  back  upon  the  stale, 
and  uius  gives  accurate  indications  of  the  movements. 

Wiedemam'a  bousaole.  In  this  a  magnetized  ring  is  suspended 
in  the  interior  of  a  hollow  thick  cylinder  of  copper,  an  fdu- 
mininm  wire  attached  to  it  bears  a  mirror  by  which  its  move- 
ments are  indicated.  The  coils  through  which  the  carrents  pass 
are  arranged  on  each  side  of  the  copper  chamber.  The  latter 
acts  as  a  damper  by  reason  of  the  currents  set  up  in  it  by 
movements  of  the  needle.  By  means  of  an  accessory  magnet 
the  needle  is  made  astatic.  The  advantage  of  this  instrument 
is  that  the  current  slowly  swings  the  needle  to  its  maximum 
deflection,  where  it  rests  without  oscillation. 

Thomson's  galvanometer  and  "Wiedemann's  boussole  are  pro- 
vided with  two  coils,  in  which  currents  can  be  made  to  traverse 
in  the  same  or  opposite  directions;  in  the  latter  case  the  results 
are  differential — that  is,  two  currents  may  be  compared  re- 
garding their  strength. 

876.  BheoBtats  are  instruments  for  measurement  of  resistance 
to  the  electric  current,  and  are  essential  in  inv^tigating  prob- 
lems in  electrophysiology. 

One  of  the  sinipleet  forme  is  Wkeatslone's  rheostat.  It  consists 
of  two  cylinders,  one  of  brass,  the  other  wood,  with  a  similar 
spiral  groove  on  each,  carrying  a  fine  brass  wire  forty  yards  long, 
arranged  to  wind  from  one  cylinder  to  the  other.  The  brass 
being  a  good  and  the  wooden  a  bad  conductor,  the  turns  of  wire 
on  the  latter  are  insulated  from  each  other,  and  thus  as  more  or 
less  is  wound  thereon  a  varj-ing  and  known  resistance,  corre- 
sponding to  the  number  of  turns  therein,  is  introduced  into  the 
circuit. 

When  greater  resistances  are  introduced  the  resistance  box 
is  employed.  It  consists  of  a  series  of  bobbins  of  insulated 
wire,  a  greater  or  less  number  of  which  may  be  thrown  into 
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circuit  by  meaiis  of  t}iu-k  brass  plugf.  When  all  are  in  there 
is  iho  least  resistance,  witli  all  nut  the  greateat. 

For  irreater  resistances,  tube  rheostats  couta\n\xig  distilled  water 
«re  U8«d,  the  wirea  passing  into  it  through  stojinerR  at  each  end* 
A  colornn  of  water  one  metre  long  and  one  millimetre  in  diam- 
eter, oflem  us  much  resistunre  to  an  electric  currunl  an  a  copper 
wire  of  the  same  diameter  and  long  enough  to  make  167  turns 
around  the  earth. 

For  the  following  descriptiona  of  the  long  compensator  and 
"WheatBtone's  bridge  we  are  indebted  to  Robertson's  work. 

877.  The  Long  Compeotator  consintR  practically  of  a  single  unt- 
form  wire  of  brass  two  metres  long,  and  1.75  mm.  in  diameter. 
It  is  stretched  on  a  piece  of  wood  between  two  brass  plates, 
fitted  with  binding  screws,  A  and  B.  On  it  is  a  sli(ier,  8, 
which  can  be  moved  from  one  end  to  the  other  and  makes  con- 
tact all  the  wiij'.  It  also  carricB  a  binding 
screw.     From  a  constant  elemeril,  K,  a  Fro.  8W. 

wire  is  led  to  A, and  niiolher  to  B.  A  key 
Tttttv  be  interposed  on  the  way.  From  A 
an  J  S  wires  are  led  to  the  side  cups  of  the 
commutator  which  has  the  cross  in,  and 
from  end  cups  they  go  to  G.  the  gnlvano- 
raeter.  Now,  t!ie  current  from  K  will  pass 
to  A,  and  may  here  branch  into  two  cir- 
cuits, the  long  circuit  by  the  commutator 
to  G,  and  back  through  it  to  8,  then  on 
to  B  and  back  to  K;  and  the  short  cirotU 
straight  along  the  wire  A  B,  and  back  to 
E.  If  the  slider  S  is  close  to  A,  it  is 
easy  to  see  that  all   the  current  will  be  i^«i  t«i[u«tor. 

fibort-circuitcd,  and  none  will  go  through 

the  galvanometer.  If,  however,  it  is  rnoved  away,  then  a  small 
amount  will  find  iti»  way  through  G,  and  this  increusea  the 
further  S  is  removed  from  A.  In  fact,  the  amount  sent  through 
G  will  be  prouortioiml  to  the  distance  A  S.  Thus  its  strength 
can  be  varied  at  pleasui'e,  and  measured.  Further,  it  can  be 
■ont  in  either  direction  through  0  by  means  of  the  commutator. 
If  this  is  down  towards  1,  it  will  pass  in  the  direction  of  the 
continuous  arrow;  if  towards  2,  it  will  traverse  G  following  the 
dotted  arrow. 


878.  Wheatstone's  Bridge  is  shown  in  diagram  in  Fig.  860. 
At  e  is  a  Dauiell's  element;  and  A  B  is  the  platinum  vnre  of 
ft  long  compensator,  of  wliicli  s  is  the  slider.  From  e  the  posi- 
tive electrode  goes  to  A,  (he  negative  to  B.  From  A  a  wire 
passes  to  r,  the  body  whoee  resistance  is  to  be  measured,  from 
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which  aeain  a  wire  ia  carried  to  one  binding  screw  of  R  e,  a  re- 
Bistance  box,  from  whose  other  binding  screw  a  wire  makes  con- 
nection with  the  end  B  of  the  compensator  wire.    To  the  same 

binding  screw  c  of  Uie  resistance  box 
Fio.  860.  R  e,  by  which  r  is  connected  with  it, 

another  wire  leads  to  the  galvano- 
meter 6,  and  the  other  terminal  ot 
O  is  attached  to  the  slider  s  of  the 
long  compensator.  When  the  cnr- 
rent  reaches  A  it  will  split  into  two 
branches,  one  passing  along  the  long 
whMtwww.bridp..  compensator  to  B,  and  the  other  to 

r,  c,  and  R  e.  But  at  s  and  c  these 
will  also  split,  part  of  r  c,  R  e,  passing  down  to  the  galvano- 
meter, part  of  A  B,  B,  passing  ap  to  G.  These  two  cnrrents 
being  in  opposite  directions,  will  deflect  the  needle  in  contrary 
ways.  If  one  is  in  excess,  it  will  deflect  the  needle  in  one 
direction ;  if  the  other,  in  the  opposite ;  if  both  are  eqaid,  the^ 
neutralize  one  another,  and  it  will  remain  at  zero;  or,  to  pat  it 
more  accurately,  when  the  potential  at  s  is  equal  to  that  at  c,  do 
current  will  pass  through  the  galvanometer. 

As  already  explained,  the  strength  of  the  current  in  the  two 
branches  depends  on  the  resistances  therein,  and  can  be  altered 
by  the  position  of  the  slider  s.  Consequently,  all  that  is  neces- 
sary to  secure  equal  potentials  at  c  and  8  is  to  move  the  slider 
one  way  or  the  other,  until  the  needle  returns  to  zero,  this  indi- 
cating the  desired  equality,  ^ow,  it  can  be  shown,  that  when 
no  current  traverses  the  galvanometer,  the  resistance  of  r  ia  to 
that  of  R  e,  as  the  resistance  of  A  s  is  to  that  of  s  B ;  thus : 

r  :  R  e  :  :  A  8  :  8  B, 

Put  in  another  way,  this  is: 

r    __  A  8 

R^  ~  TB' 


and,  therefore, 


r=ReX~ 

8  B 


Xow  r  is  the  resistance  to  be  measured,  R  e  is  that  in  the  box, 
which  is  read  oft'  at  once  according  to  the  number  of  plugs  out, 
and  A  8  and  a  B  are  those  of  the  lengths  of  the  compensator 
wire  on  each  aide  of  the  slider,  which  are  also  known.  Thus,  r, 
that  to  be  measured,  is  given  in  terms  of  R  e,  A  s,  and  s  B, 
resistances  that  are  known.  The  box  is  used,  because  by  pulling 
out  or  inserting  plugs  its  resiBtance  can  be  varied  at  pleasure. 
According  to  that  thrown  in  by  it  will  be  the  position  of  the 
slider,  and  thus,  by  varying  it,  it  becomes  easier  to  adjust  that 
properly. 
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8TO.  Electromagneti. — If  an  insulated  copper  wire  -H  —  is 
wound  in  a  lit'lix  aruuinl  a  rod  of  soft  iron,  A,  and  a  vollaic  cur- 

nt  passed  tbraugh  the  former,  the  core  of 
the  latter  at  once  becomes  powerfully  map-  p,u_  ncj 

iietized.  It  attracts  other  inanBes  of  iron  witli 
fiir  jrreattjr  force  than  an  ordinary  ma^tiet. 
It  exhihilH  iHilurily,  having  a  noi'lh  and  miutli 
pole,  N  S.  Brought  into  the  vicinity  of  others, 
or  of  electromagnets,  it  shows  attraction  and 
repulsion.  The  Tuoinent  the  current  is  broken, 
or  opened,  magnetism  ceases.  The  instant  it 
is  closed  it  reappears  in  its  original  intensity. 
The  niiignoti?trit  is,  tlierefore,  the  product  of  the 
action  of  tlie  electric  current  upon  the  soft  iron 
core,  lasting  while  it  louts,  ceasing  when  it  i:[u:ir>-iuwrnit. 
ceaaes. 

br  l>ending  the  soft  iron  into  the  form  of  a  horseshoe,  as  in 
ortiinary  ariiticial  nnignets,  Fig.  rt61,and  winding  the  wire  to 
bavii  it  bear  the  same  relation  to  the  core  as  though  straiglit, 
,hc  approximation  of  the  poles  inercases  the  magnetic  effect. 
Care  must  he  taken  that  there  ii*  no  roverflion  in  the  winding, 
or  the  ctfect  will  he  diminished  in  the  same  proportion. 

Other  things  being  enual,  an  increafie  in  the  nnmlrer  of  turns 
tip  to  ft  certain  point,  adds  to  the  effect.  After  that,  distance  of 
the  circuit  l)econics  too  great  to  affect  the  core,  aud  inereased 
resistance  causes  diminution. 

The  greater  the  diameter  of  tho  wire,  the  stronger  the  mag- 
netism prndiiccd,  eapecifllly  with  currents  of  feehlo  intensity. 

The  larger  the  elenienta  of  the  battery  the  greater  the  mag- 
netic I'ti'ijui.  A  sufficietit  number  of  elements  to  drive  the  ciiri-ent 
freely  through  the  wire  is,  of  course,  essential. 
H  The  iron  used  should  be  as  pure  a»  possible,  otherwise  it  w-ill 
"not  gain  and  lose  its  ma^netiam  suddenly  with  the  closing  and 
opening  of  the  circuit.  That  whicli  remains  in  tho  core  is  called 
the  remlual  chnrife.  With  large  mngnot*  this  may  be  brokeu  up 
by  a  very  sudden  reveraa!  of  poKv. 

•  Projection  of  the  coru  beyond  Ihe  ends  of  the  coils  of  wire 
gives  a  alronger  magnetic  eltect. 

Providing  the  core  has  sufficient  thickness  for  the  develop- 
ment of  magnetic  effects,  it  dous  not  seem  to  matter  whether  it 
is  Holiil  or  hollow, 

For  a  given  weight  of  iron,  a  bundle  of  wires  will  give  a  better 
effect  Ihnti  the  same  weight  in  the  form  of  a  ningle  bar. 

'  880.  EleotromagrDetio  Kotori, — Various  plauH  for  the  a<laptation 
of  clcctromagnetisin  lo  the  construction  of  motors  have  been 
devised.    Atnoug  tliese  machines  one  of  the  enrly  forms  con- 
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sisted  of  a  coil  of  wire  around  a  hollow  case  of  pasteboard.  Id 
the  interior  of  this  there  was  a  rod  of  soft  iron  six  or  eight  inches 
lon^r  than  the  core.  The  arrangement  being  placea  with  tlm 
rod  in  the  vertical  position  its  top  jast  above  the  coil,  on  passing 
a  current  it  was  raised,  on  breaking  it  fell,  so  a  reciprocatisK 
motion  was  obtained,  which  by  a  crank  coald  easily  be  converted 
into  one  of  rotation. 

Another  method  was  to  use  a  horseshoe  electromagnet,  the 
keeper  attached  to  a  crank  movement  of  a  wheel.  The  inetm- 
ment  made  and  broke  the  circuit  iteelf.  The  circuit  being  made 
the  keeper  was  attracted;  the  moment  it  nearly  reached  the 
magnet  the  former  was  broken,  magnetism  was  lost,  and  the 
momentum  gained  by  the  wheel  earned  the  latter  to  the  oppo- 
site limit  of  movement,  when  the  circuit  was  again  closed  and 
the  keeper  attracted — ^Uius  a  movement  of  rotation  was  estab- 
lished. 

In  modern  machines  a  number  of  electromagnets  are  arranged 
upon  the  circumference  of  a  wheel.  Each  of  these  acts  through 
a  very  small  distance,  bat  the  deficiency  in  this  respect  is  mwe 
up  by  their  number. 

The  exceedingly  small  distance  through  which  mftfnetie  at- 
tractions exert  tneir  greatest  efficiency  has  been  the  chief  diffi- 
culty in  the  way  of  the  application  of  electromagnetism  as  a 
motor. 

B81.  Cost  of  Kag^netic  Motors. — Until  quite  recent  times,  the 
cost  of  producing  electricity  by  oxidizing  zinc  in  a  battery  has 
prevented  the  use  of  this  agent  us  a  motor.  At  present,  how- 
ever, improvements  in  its  development  from  motion,  and  alao  in 
electromotors,  render  it  quite  possible  that  we  are  on  the  eve  of 
its  application  as  the  motor  on  our  elevated  railways,  and  for 
numerous  purposes  in  the  arts  and  mannfactures. 

Even  at  present,  where  small  mechanical  effort  is  required,  or 
the  production  of  effects  at  a  distance,  as  in  the  telegraph,  elec- 
tromagnetism cannot  be  supplanted. 

882.  Electric  Bells  and  Clocks  consist  in  the  adaptation  of  an 
electromagnet  to  the  mere  sounding  of  an  alarm  by  the  rapid 
making  and  breaking  of  a  current;  or  to  the  regular  make  and 
break  as  in  the  beat  of  seconds ;  or  to  controlling  the  move- 
ment of  the  pendulum  by  currents  from  a  clock  at  a  central 
station.  In  some  instances  signals  are  transmitted  at  regular 
intervale,  and  the  minute  hand  moves  over  two  or  three  minutes 
at  once. 

A  continuous  circuit  from  a  gravity  battery  is  found  to  work 
the  best,  the  signal  being  given  by  breaking  the  current. 
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883.  The  Horse  Telegraph. — Though  the  discussion  of  the  tele- 
graph is  properly  outside  of  the  limits  of  a  work  on  medical 
physics,  yet  its  universal  use  makes  it  necessary  that  we  should 
say  a  few  words  regarding  the  principles  and  facts  involved  in 
the  Moree  system. 

It  consists,  Ist,  of  a,  battery  andits  circuit  of  wire.  The  battery 
varies  in  different  countries,  some  form  of  the  Daniell  is  perhaps 
best.  The  wire  is  of  galvanized  iron,  suspended  by  insulated 
glass  supports  on  poles  or  posts.  But  one  wire  is  required,  the 
return  current  at  both  distant  and  near  stations  being  delivered 
into  the  earth,  which  acts  the  part  of  a  common  reservoir. 

2d.  A  cotnmunicator  for  sending  the  signals,  consists  of  a  hori- 
zontal lever  by  which  the  circuit  is  closed  and  opened,  and 
signals  at  the  distant  station  produced.  These  consist  of  dots 
and  dashes.  If  the  lever  gives  only  momentary  contact,  a  dot  is 
formed;  prolonged  for  a  time,  a  dash  is  the  result.  By  a  com- 
bination of  these  the  letters  of  the  alphabet  are  made  up,  as 
follows : 

A             B  C             J3            E  F  G 

H           I  J               K  L  M  N 

OP  Q  R  S  T 

tr           V  W            X           Y           Z            & 


PERIOD.  COMMA,  SEMICOLON  ;  QUOTATION  "  " 

EXCLAMATION  !      INTERBOOATION  ?      PARENTHESIS  (  )      PARAGRAPH  ^ 

3d.  The  relay  or  secondary  battery,  which  receives  the  signals 
and  imparts  to  them  additional  force,  enabling  them  to  work  the 
indicator. 

4th.  The  indicator,  which  receives  signals  from  the  relay  and 
records  them  upon  a  strip  of  paper  passing  under  the  point  of 
its  pencil. 
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5tb.  The  sounder^  by  which  the  clicking  or  noise  caused  by 
the  movement  of  the  keeper  of  the  electromagnet  is  increaBed, 
has  now  come  into  general  nse,  and  replaced  the  indicator  od 
many  lines.    In  this  ease  the  message  is  read  by  sonnds  alone. 

884.  The  Seedle  Tel^raph  is  Tirtnally  a  vertical  galvanometer 
with  an  astatic  needle,  or  a  single  one  formed  of  several  pieces 
of  strongly  magnetized  steel.  This  works  within  a  bobbin  of 
wire,  and  carries  a  light  index  outside  indicating  its  movements. 

These  are  made  by  passing  the  current  through  the  multiplier 
in  different  directions  by  means  of  a  commutator.  The  deflec- 
tions are  to  the  right  or  left,  thus  producing  the  letters. 

885.  Keaotioni  of  Currents  upon  Currents  and  ][ag:iiets  were  fint 
investigated  by  Ampere.  Their  consideration  properly  beloo^ 
to  dynamic  electricity,  but  since  their  application  is  chiefly  in 
explanation  of  the  action  of  the  compass  needle,  we  have  deferred 
their  examination  to  this  point. 

The  apparatus  used  for  demonstration  of  these  laws  cousiBts 
of  wires  bent  in  rectangular  and  circular  forms.  One  is  sus- 
pended to  move  freely,  while  the  other  is  placed  in  any  required 
fixed  position.  Also  of  magnets  freely  suspended,  or  fixed,  as 
the  case  may  be. 

The  leading  facts  are  as  follows: 

Ist.  Two  currents  parallel,  and  in  the  same  direction,  attract 
one  another. 

2d.  Two  currents  parallel,  but  in  contrary  directions,  repel 
each  other. 

3d.  A  finite  movable  current,  approaching  a  fixed  infinite 
current,  is  acted  on  to  move  in  a  direction  parallel  and  opposite 
to  that  of  the  latter ;  if  the  former  tends  from  the  fixed  current, 
it  is  acted  on  to  move  parallel  to  it  and  in  the  same  direction. 

4tb.  The  earth  exerts  a  directive  action  on  closed  currents 
movable  about  a  vertical  axis;  the  current  places  itself  in  a 
plane  perpendicular  to  the  magnetic  meridian,  so,  for  an  observer 
looking  at  the  north,  it  is  descending  on  the  east  of  its  axis  of 
rotation,  and  ascending  on  the  west. 

oth.  A  magnet  movable  and  the  current  fixed,  the  former 
sets  itself  at  right  angles  to  the  latter. 

886.  Solenoids. — A  wire  wound  in  a  long  spiral  around  a  bar 
of  Bofl  iron  imparts  magnetism  to  it  when  a  voltaic  current 
passes.  If  the  spiral  coil  alone  is  taken  without  the  core,  and 
the  wire  conveying  the  current  passes  down  the  centre  of  the 
helix,  tJie  arrangement  being  freely  suspended,  it  will  take  up  a 
north  and  south  position,  and  exhibit  true  polarity.     This  ar- 
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rangement  is  called  a  Bolenoid,  8.    It  may  be  defined  as  a  com- 
bination of  a  sinuous  with  a  rectilinear  current 

If  the  north  pole  of  one  solenoid  is  presented  to  that  of 
another,  they  repel  each  other.     If  a   north  to  a  south,  they 

Fig.  862. 


Soutk 

The  autenold. 

attract.  In  like  manner,  if  the  north  pole  of  a  magnet  be  pre- 
sented to  that  of  a  solenoid,  it  ie  repelled;  if  to  the  south,  it  is 
attracted. 

887.  Why  the  CompaBs  Keedle  Points  North. — As  the  culmina- 
tion of  his  work  on  electric  currents,  Ampere  gives  the  following 
theory  of  the  magnetic  needle,  and  the  reason  it  points  to  the 
north.     The  process  of  reasoning  is  as  follows: 

Ist.  The  molecules  of  all  magnetic  substances  are  traversed 
by  closed  electric  currents,  free  to  move  about  their  centres. 

2d.  When  the  substance  is  magnetized  these  are  all  coerced 
into  a  parallel  direction,  the  stronger  the  force  the  more  perfect 
their  parallelism.  When  all  are  completely  parallel  the  sub- 
stance is  said  to  be  saturated. 

3d.  The  effect  of  the  preceding  action  is  as  though  a  single 
strong  current  traversed  the  exterior  of  the  magnet,  which  may 
now  be  regarded  as  the  equivalent  of  a  solenoid. 

4th.  The  presentation  of  various  parts  of  the  equatorial  re- 
gions of  the  earth's  surface  in  succession  to  action  of  the  sun, 
develops  in  its  surface  thermoelectric  currents  which  circulate 
around  the  globe  from  east  to  west,  very  nearly  in  the  course 
of  the  equator. 

5th.  These  exert  a  directive  force  upon  magnetic  needles,  for 
they  come  to  rest  if  freely  suspended,  when  the  currents  on  their 
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aader  sar&ce  are  parallel  to  the  terrestrial.  Since  the  axis  of 
the  needle  is  at  right  angles  to  its  ciirrents,  it,  therefore,  pmnts 
to  the  north. 

868.  Faramagnetifm. — ^Iron,  cobalt,  and  nickel  are,  properl; 
speaking,  the  three  magnetic  bodies,  when  aabmitted  to  the 
action  of  an  ordinary  artificial  magnet.  But,  if  in  place  of  an 
artificial,  a  powerful  electroma^et  is  used,  we  then  find  that 
a  great  number  of  Bubatances  will,  like  iron,  set  themselves  in 
the  line  of  the  two  poles.  These  are  called  paramagnets.  Those 
which  do  not  are  nevertheless  acted  upon,  and  set  themselvea 
across  this  line,  or  eqaatorially.    They  are  diamagnetics. 

A.mong  those  included  in  the  parama^etic  group  are  iron, 
cobalt,  nickel,  manganese,  platinum,  cenum,  osmium,  and  pal- 
ladium. Glass,  according  to  its  composition,  may  be  paramag- 
netic or  diamagnetic.  ^ao,  many  kinds  of  paper,  aeaiiDg-wax, 
fluorspar,  fi;ra{)hlte,  charcoal,  etc 

Among  liquids  are  solutions  of  iron,  cobalt,  nickel,  etc.  Tubes 
containing  these  set  themselves  aziatly  between  the  poles  when 
a  current  la  passed. 

The  eflect  of  magnets  on  theee  liquids  ia  seen  by  placing  them 
in  thin  watch-glasses  between  the  poles,  and  directing  a  beam 
of  light  upon  tnera.  According  as  their  form  changes,  the  light 
is  converged  or  dispersed. 

Among  gases,  Faraday  found  that  oxygen  was  magnetic  under 
ordinary  circumstances. 

The  condition  under  which  a  body  is  examined  affects  its 
relations.  Oxygen,  for  example,  becomes  diamagnetic  if  its 
temperature  is  raised.  A  substance  paramagnetic  in  vacuo, 
may  be  diamagnetic  in  air. 

889.  DiamagnetiBiik. — All  bodies  which  set  themselves  equa- 
torially  to  the  line  connecting  the  poles  of  the  magnet  are 
included  in  this  group. 

Among  metals  are  bismuth,  antimony,  zinc,  tin,  mercury, 
lead,  silver,  copper,  gold,  and  arsenic.  Their  action  is  in  the 
order  given,  arsenic  being  most  feeble.  In  addition,  are  rock 
crystal,  alum,  glass,  phosphorus,  iodine,  sulphur,  sugar,  and 
bread. 

Among  liquids,  are  water,  blood,  milk,  alcohol,  ether,  oil  of 
turpentine,  and  most  saline  solutions. 

All  flumes  or  heated  gases  are  diamagnetic.  Faraday  mingled 
gases  with  visible  vapor,  and  allowed  them  to  ascend  between 
the  poles  of  a  magnet  and  observed  their  deflections.  He 
found  that  while  oxygen  was  paramagnetic,  nitrogen  was  dia- 
magnetic, and  hydrogen  most  diamagnetic.  Iodine  also  shows 
the  latter  reaction  well  marked. 
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B90.  Si&magnetio  XUastrations. — A  copper  rod  freely  suspended 
sets  itttell'  at  ouee  equatorially  b«tw«en  the  polee.  A  copper 
cube  set  in  rapid  rotaiJnn  botn'oen  the  latter,  ceaaee  tn  move  the 
moment  ulectripity  la  sent  throuji;h  the  bobbins.  A  circular 
tltln  diiik  of  copptif,  eiet  in  motiun  on  an  axitt  by  a  nuitablo 
system  of  cog-whcelR,  stops  when  the  current  passes.  The  flame 
of  a  piece  of  resin  or  camphor  placed  beneath  thu  pointed  poles 
18  thrust  tieide  the  moment  the  circuit  in  tho  elcctromagiiei  is 
clos>ed.  It  looks  as  though  it  were  blown  dowu  upon  from 
above,  so  strongly  is  it  driven  away. 

891.  Action  of  Magnet  on  Polarized  Light. — Two  powerful  eleo- 
tromaguetn  are  uliiccd  with  their  axet;  in  the  same  straight  line. 
The  centres  of  their  iron  cores  are  perforated.  A  source  of  light 
is  placed  opposite  the  opening  at  the  end  of  one,  and  in  this  a 
Nicol  prism  is  inserted.  A  beam  of  polarii^ed  H^lit  is  thus  intra* 
duced  into  the  appiiratus;  between  the  poles  of  the  magnets  a 
block  of  ordinary  or  Hint  ^lass  is  placed,  and  in  the  opening  at 
the  further  end  of  the  second  magnet  a  Nicol  analyzer.  The  two 
Kicol  prisms  are  croued  so  ttjat  light  does  not  puum.    The  cur* 

it  is  then  sent  along  the  wires,  when  at  once  colored  light 
tMMMl  through  the  apparatus,  the  tint  changing  as  the  analyzer 
IS  turned. 

Famday  iissuraeil  that  this  action  was  the  result  of  the  efiect 
of  magnetism  on  the  polarized  ray;  while  Becquerel  attributes 
it  to  action  of  the  ma>;net  u[>on  the  molecules  of  the  body 
plac-cd  between  the  poles. 
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KAKAbAlC  OR  INDUOKD  CURKKNT9. 


CuTnnta  tndurcd  hy  m»|tneu — CtirrentA  pmducMl  hj  «lMtncnagii*u — Induo 
tcriuRi— Rsf)<rn:rinTitjt  witlt  inducUirium— OtMlcr'a  liibM  Tl>a  t*lephoa»>— 
pyiiKiDcwtvclnc  mtchinea. 

Iw  1832,  Faraday  discovered  that  instantaneous  currents  of 
electricity  are  produced  in  wires  placed,  1st,  under  the  mo- 
mentary influence  of  metallic  conduutore  traversed  by  electric 
currenl^;  2d,  under  the-  influence  nf  powerful  magnets;  3d,  the 
action  of  the  earth  itself. 

4i 
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892.  Cnrrenta  Indnoed  by  Magiietfi. — (..'onct-ivo  ihat  we  havo  a 
liiiilow  coil  of  wire  fomioulcci  wiili  h  nalvjinomeltr.  If  into 
the  iutvrior  of  iLiis  a  etrotig  luagnet  is  sudtlmtt^v  iiilroductMl,  u 
nioiiientni'>'  current  in  protluccd,  as  bIiowii  liy  the  neville  of  the 
gftU'anoraetGr  moving  ami  instaiittv  rctuniiiiy  to  zero.  A\'ben 
this  entis  the  currL'til  (.-eabes.  On  Hudtlenlv  withdniwing  th« 
inajBmct  it  is  again  produced,  but  tliia  riiiie  in  an  o|'iH'wt« 
dircctiou  to  the  liret  bxperimtfiit.  Again  it  onlr  lasts  while  th« 
magnet  is  moving,  and  is  strongest  when  tlio  latter  inov« 
quickly. 

In  the  prcTiouE  experiment  an  oscillating  motion  is  employed, 
bill  in  practice  a  more  satjsfiictory  way  of  pro<hi<?iiig  the  resali 
38  a<h'pted.  Take  a  powerlul  c-onitiound  horae»hoe  inapnct.  A, 
atid  k*:  two  keepers,  u,  be  arraugvii  lo  levalvu  rapidly  upiKhtite 
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one  side  of  its  poles  by  means  of  the  winch  and  multiplying 
wheels  W  W  W.  When  one  is  opposite  the  north  pole  of  tha 
magnet,  that  end  will  hare  strong  south  magnetiflm  induced  in 
it.  When  opposite  the  south  it  will  in  like  manner  have  strong 
induced  north  magnutism.  The  t^nie  will  hn  the  case  with  tlie 
oth^T  keeper,  as  thoy  arc  mouiiied  on  the  sjinie  axis.  By  rapid 
revolution  they  are  alternately  niaguelized,  demagnetized,  and 
revenged.  If  around  each  a  coil  of  fine  insulated  wire  is  plac^-d, 
the  magnetization  and  demagnetization  of  the  soft  iron  core 
win  Imvc  the  tame  result  us  though  a  magnet  was  suddenly 
introduced  into  tbe  coil,  and  as  quickly  withdrawn — that  is, 
currents  will  be  induced  therein,  aud  they  will  alternate]}'  run 
in  opposite  directions. 

Though  each  is  exceedingly  feeble,  and  will  scarcely  give 
either  a  spark  or  shock,  yet  when  tliey  follow  each  other  with 


FARADAIC   OS   tymrcTBD   crBRBNTS. 


691 


great  rapidity  tliuy  cause  very  profoumJ  phyeiological  eftootB, 
and  arc  employed  for  medical  purposes. 

In  the  primitive  form  o(  the  ajjparatus  we  hare  here  de- 
iBoribed,  the  direction  of  tlie  (^irrciit  la  coiitirinally  alternating. 
tey  menna  of  suitnblc  o<intrivaiic-eB  called  commutntora,  these 
■  nay  be  niaile  to  take  the  same  coume,  and  yield  a  uuifnrm  cur- 
Irent  in  a  tixed  direction. 

893.  Cmreats  Produoed  by  Electromagnets. — In  this  case  the 
apparatus  cuusi^ts  of  the  following  piiria  :  l*t,  u  I'tUery  and  cir- 
em/;  ^^  an  internipftr ;  3d,  the  primary  coU;  4th,  the  secondary 
eoiL 

The  batter}'  employed  i^  usually  a  Grcnet,  worked  by  the 
electropoion  fluid. 

From  this  the  wires  pans  to  a  small  magnet  called  the  inter- 
rnpter,  tlu^  function  of  which  is  to  open  and  close  the  circuit. 
When  the  keeper  is  attracted,  the  circuit  is  opened.  The  mac- 
netism  being  then  lost,  a.  spring  raises  it,  and  the  circuit  is  doaed, 
when  again  the  keeper  h  attracted  and  it  is  broken.  Some- 
times tliiB  motion  is  accompliehcd  by  an  inverted  pendulum, 
which  Ims  the  advantage  of  giving  ver}'  slow  movement,  or  an 
exceedingly  rapid  one. 

From  the  inrermpter  the  wire  from  the  hattcrj*  or  rhc  primary 
current  pajwcw  to  the  electromagnet,  where  it  is  wound  spirally 
in  an  iuKulateU  coil  around  a  soil  iron  core,  conHiiitiug  of  a 
itundle  of  iron  wires.  Whenever  the  circuit  is  clofled.the  bimdle 
becomes  a  powerful  magnet;  when  opened,  the  magnetism  is 
lost.  It  is  introduced,  or  withdrawn  partially,  or  wholly  at 
pleasure;  a  slight  intro<luction  gives  feeble  magnetism,  com- 
plete, strong  niagnotisin  and  a  powerful  curi-ent. 

Outitide  of  this  nrimary  circuit  and  its  encloaod  iron  core,  an- 
other iuKulated  coil  of  exceedingly  tine  wire,  several  huiidrede 
yards  in  length,  is  wound.  Whuu  that  in  the  interior  is  mag- 
ui-tir.ed  by  the  primary  circuit,  a  carrent  U  itiiitantly  cslahli-ihed 
ill  tlie  outer  coil.  When  raaguetisiu  eeascH  another  iuKtautaoeous 
current  rune  in  the  op|)08ite  direction  in  the  latter. 

This  ie  the  induced,  magnftoelectvic,  or  Faradaii'  currml.  As  ex- 
plained, it  coutinually  alternatee  as  regards  its  course.  It  is 
employed  for  medical  purposes,  and  the  ]H>wer  of  ita  action  may 
be  made  to  difler,  either  by  variation  in  the  rate  of  oscillation  of 
tJie  keeper,  or  by  the  extent  to  which  the  core  of  the  magnet  is 
introduced. 

891.  Inductoriam. — The  apimratus  deHcribed(893)  will  scarcely 
yield  a  vi!*iblc  wpark,  though  it  gives  very  powerful  physiological 
results.  By  an  improved  form,  sparks  of  considerable  length  are 
obtained,  and  its  power  vastly  increased.  8uch  an  arrangemcut 
is  called  an  iuductoriuni  or  Khumkortt'  coil. 
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grt'ut  increase  of  power  in  the  itiducloriuni  H  Anc,  Isr,  to 
roduction  of  a  comienser,  C,  into  the  iiriuiary  current;  ii, 


The 
the  introdi 

to  the  manner  in  which  (ho  secondary  coil  S  is  wound;  3d,io 
its  rarclui  insulation;  and,  4th.  to  the  method  by  which  the  car* 
rent  in  the  primary  circuit  (Voiii  the  hatlorv  is  broken. 

Th**  buttery  eni|ih)yed  lor  a  coil  capuhli;  ot"  givine  a  ten  inch 
Bparlc,  is  liajf  a  d<»zeii   large  sized  elettiMpuiun  cclla,  ita  zina- 
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«ix  by  eight  inches,  and  at  least  two  in  each  cell.     A  Bun  ecu 
battery,  with  elementp  of  tlio  lar^st  size,  may  be  employed. 

From  the  battery  the  current  passes  through  the  interrupter 
I,  throngli  the  coil  of  the  magnet  +— ,  and  the  condenser  C. 
The  latter  coii3i9ts  of  a  great  number  of  Bhects  of  tinfoil  and 
paper  aoaked  with  resin.  These  are  laid  in  alternate  layers, 
with  tlie  tin  Hhects  insulated  from  each  other  by  the  paper.  The 
ends  of  the  alternate  layerR  of  tinfoil  project  first  on  the  right 
and  then  the  left  of  the  pile,  when  completed.  The  former 
are  eonnecled  with  one  wire  from  the  battery,  tiie  latter  with 
the  other.  Each  sheet  of  tin  presents  a  siurface  of  atH,iut  half  a 
gquarc  foot.  In  the  largest  coils  the  condenser  presents  a  total 
surface  of  some  seventy-tive  square  yards.  Its  action  ie  to  re- 
ceive the  extra  current  produced  each  time  the  circuit  is  brokea* 
and  utilize  it  in  an  instantaneoua  deniagnetixaliori  of  the  bundle 
of  soft  ircin  wire.  Kor  the  best  efle<'t — that  i.*,  production  of  the 
lougeat  spark — the  contact  is  broken  by  a  ftroke  of  a  small 
hatniner.  It,  is  jilno  interrupted  by  an  elecfroinagnet,  where 
sparks  in  rapid  smcession  are  required.  The  (surfaces  at  which 
contact  is  broken  are  of  platinum. 

The  secondary  coil  sometimes  contains  as  much  as  280  mile.* 
of  very  fine  wire,  which  is  not  only  itself  carefully  insulated,  hut 
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each  coil  thon-in  is  Hepnniird  from  Ihe  next  by  a  layer  or^Iieltac. 
lietween  the  s«ooiidnry  uiul  tlie  i>riiiiary  there  is  a  glass  cylinder, 
making  the  iiisutmioti  as  perfect  as  possible. 

S95.  Experiment*  with  Indactorium. — luduccd  currents  are  pro- 
dacud  in  the  coil  each  time  the  cirenit  is  opened  and  elosed. 
That  on  opening  is  short  iti  duration,  but  of  liigh  potential. 
That  of  clo«in>f,  of  longer  duration,  siml  luwtr  potential.  The 
actional  are  phvslologioiil,  oliemical,  calorific,  luminous,  and 
mecbaDieal.  TLo  pkysiohtficat  effects  are  aufficientlv  intense  to 
prostrate  a  person.  A  large  coii  worked  by  two  XtunBen  elc* 
mentis  will  kill  a  lubHit,  and  doubtless  with  a  larger  number 
would  destroy  a  man. 

The  raiorifif  jiropcrticB  maybe  aliown  by  intcrvenino;  a  very 
fine  iron  wire  between  tlie  two  polar  connection*  of  the  induced 
currontfi.  It  is  Instantly  melted.  If  two  line  wires  aif  attached 
to  tlieso  poles  and  then  touclied  to  each  other,  the  ne^tivc 
alone  nielt». 

The  {•heiniifit  effects  vary  according  to  the  shape  and  direction 
of  the  platinum  poles  from  each  othvr,  and  the  degree  of  acidity 
of  the  water.  Lominona  etti^cta  with  or  without  decompoflition 
appear.  In  the  latter  mixed  guaes  arc  present  at  either  or  both 
poles.     Passed  through  air  its  nitrtigeii  and  oxygen  combine. 

'J"ho  bimliimts  efferls  also  vary.  In  air  the  longest  spark  thus 
ftr  obtained  in  forty-two  inches.  This  is  greatly  intensified  when 
a  secondary  condenser  is  put  upon  the  induction  current.  In 
vacuo,  experiments  \rith  tlie  electric  egg  are  very  beantifni,  espe- 
cially as  regards  stratification  of  the  electricity.  The  positive 
pole  is  the  most  brilliant,  it^  light  is  a  fiery  red;  while  the 
negative  \fi  a  feeble  violet,  and  extends  along  the  length  of  the 
negali%'c  rod. 

The  mechnnicil  effects  consist  in  piercing  glass  plate.-*,  sonio- 
times  as  much  as  two  inches  thick.  This  is  accomplished  by  a 
series  of  sparks,  not  by  a  single  one. 

996.  Oeissler's  Tabes. — These  are  tubes  which  have  been  filled 
with  various  gai^es  and  vapors,  and  then  exhausted.  Through 
their  ext.reniitie»  platinum  poles  piMS.  The  residual  gas  gives 
color  to  the  electric  disehnrge  as  it  iwsaes.  The  striation  ob- 
tained is  sometimes  very  beautiful.  Different  kindn  of  gloss  and 
liquids  also  impart  to  the  electric  light  varying  colors.  The 
spectra  of  these  colored  electric  tlischargce  are  also  very  charae- 
teriKlic.  so  that  each  gas.  as  hydrogen,  oxygen,  nitrogen,  carbon 
dioxide,  is  recognistod  by  the  lini's  of  its  special  spectrum. 
Litcht  from  these  tubes  has  been  employed  to  illuminate  the 
tuteriur  of  different  cavities  in  the  body. 
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897.  The  Telephone  coneiets  of  a  steel  maguet,  some  four  inches 
long  and  half  an  inch  in  diameter.  Opposite  one  end  is  a 
diaphragni  of  thin  iron.  When  spoken  to,  this  is  thrown  into 
vibration  by  the  voice,  and  its  vibrations  cause  a  rapid  sliifting 
in  position  of  the  pole  of  the  magnet.  Around  the  latter  a  coil 
of  wire  is  wound,  the  changing  of  the  pole  causing  a  current  of 
electricity  therein.  This  is  received  by  another  similar  con- 
trivance at  a  distance,  where  the  operation  is  reversed,  and  the 
rapidly  alternating  current  from  the  first  instrument  produces 
vibrations  in  the  soft  iron  disk,  or  diaphragm,  and  sounds  like 
those  received  at  the  other  are  emitted. 

898.  Dynamoelectric  Hachines. — The  principle  involved  in  these 
is  somewhat  similar  to  that  of  the  ordinary  magnetoelectric 
machine,  and  illustrates  the  conversion  of  motion  or  force  iuto 
electricity.  There  are  many  different  forms,  which  we  cannot 
give  space  to  consider.  They  are  operated  by  ateani  power, 
and  are  made  to  give  light  equivalent  to  many  thousands  of 
candle  power.  They  are  now  extensively  used  to  furnish  the 
currents  employed  in  street  lights.  These  have  great  intensity, 
and  if,  perchance,  they  pass  through  the  human  body,  instant 
death  is  the  coiieequence. 

Another  application  is  in  electroplating.  In  that  case  the 
current  is  manipulated  until  the  positive  and  negative  poles  are 
uniform  and  fixed. 
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,  BUelricily  in  planl*  —  El«ctric  flkliw  —  AppKrntu*  for  inT«>Lig»Ung  mufcl* 
r>urr»nta — Mutcte  c^irrento  nt  rest — The  fiwff  i:»lv*nj)«anyi« — Aotiv«  mutcle 
Gurranu — Nerve  cumnu. 

Electko  BIO  LOOT  18  the  Btudy  of  electricity  in  relatiou  to  living 
crealiitvs.  wliethcr  planta  or  animals,  and  examination  Into  the 
efF6ct«  of  electricity  upon  them.  It  may  bo  divided  into  electro- 
phyBiology,  which  deals  with  their  normal  electric  conditions, 
and  electrotherapy,  or  the  effects  of  electricity  upon  them,  and 
its  tiicdieul  a[)[j1iaition. 

S99.  Electricity  in  Plants. — Donne,  Du  Boift-Reyniond,  Bec- 
querel,  and  others,  have  proved,  that  if  one  plutinuni  terminal  o( 
a  ^Ivanometer  is  itieerted  into  a  fruit  near  the  Htem,  and  the 
other  into  the  opposite  part,  a  current  will  be  obtained.  In 
fruits  with  pips,  as  apples  and  pears,  its  course  is  from  the  stem 
to  Ihe  bud;  m  stone  fruits,  as  peaches  and  plums,  it  is  in  tlio 
opposite  direction.  Prof.  Buff  haa  pursued  these  invostigations, 
and  finds  that  the  root>(  and  all  parts  of  the  interior  of  plants 
filled  with  sap,  arc  constantly  negative;  whereaii,  on  the  con- 
trary,  the  humid  or  moiatened  interior  of  the  green  twi^s, 
leaves,  dowers,  and  fruits,  are  in  a  state  of  permanent  positive 
elect  riti  cation. 

The  discovery  of  these  tacts  led  to  numerous  trials  regarding 
the  application  of  electricity  in  the  culture  of  plants,  but  with- 
out  satisfactory  result. 

000.  Electric  Fiahei. — The  gyranotus  or  electric  eel  of  South 
America,  tlie  tor^»edo  or  eleulric  ray  of  the  Mediterranean)  and 
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the  Bilurua  of  the  Nile,  possess  the  power  of  giving  very  strong 
electric  dischargee.  This  is  entirely  voluntary,  and  employea 
for  ofience  and  defence.  Faraday  says,  that  the  shock  given 
by  the  gymnotus  is  equal  to  that  of  a  Leyden  battery  of  15  jars, 
exposing  a  surface  of  25  stjuare  feet.  The  first  discharge  is 
the  strongest,  each  succeeding  one  becoming  weaker  until  the 
creature  is  exhausted. 

In  the  torpedo,  the  electric  organ  is  on  each  side  of  the  head 
between  the  pectoral  fins  and  gills.  It  consists  of  a  series  of 
membranous  prismatic  tubes  parallel  to  each  other,  and  sub- 
divided by  horizontal  diaphragms  into  cells  filled  with  albumi- 
nous liquid.  Its  structure  recalls  that  of  the  voltaic  pile.  Id 
all  there  are  from  one  to  two  thousand.  They  are  connected 
with  a  special  lobe  of  the  brain,  called  the  electric  lobe. 

In  the  gymnotus  the  structure  of  the  organ  is  similar,  the 
prismatic  tubes  are  arranged  along  the  axis  of  the  animal,  ex- 
tending from  head  to  tail. 

901.  Apparatus  for  Inveitigatrng  Muscle  Corrents. — The  requis- 
ites are  a  delicate  galvanometer  and  electrodes  which  do  not 
become  polarized,  and  will  not  give  a  current  when  placed  in 
contact  with  tissues,  nor  in  any  way  alter  them  while  in  use. 
These  conditions  are  met  by  the  electrodes  of  Du  Bois-Reymond. 
They  consist  of  a  glass  tube  drawn  down  at  one  end,  and  stopped 
by  a  pellet  made  by  moistening  white  clay  with  a  solution  of 
table  Rait,  Saturated  solution  of  zinc  sulphate  is  placed  therein, 
into  this  an  amalgamated  zinc  wire  dips,  the  other  end  connected 
with  the  galvanometer.  Amalgamated  zinc  in  zinc  sulphate 
does  not  become  polarized,  and  wet  clay  does  not  affect  muscle. 

In  addition  to  these  there  are  various  instruments  for  opening 
the  circuit  called  keys,  as  the  mercurial,  spring,  and  friclioti  keys, 
Pflueger's  (rip-hammer  and  the  metronome  interrupter,  a  commutator 
rheotrope  ov  gyrotrope  for  reversing  direction  of  current  at  pleas- 
ure; a.  rheorord,  for  varying  its  strength  by  increasing  the  re- 
sistance. These  are  some  of  the  apparatus  with  which  the 
electrophysiologist  must  supply  himself  to  conduct  his  experi- 
ments properly. 

902.  Muscle  Cnrrents  at  Best. — The  surface  of  the  muscle  is 
called  the  natural  longitudinal  section. ;  the  tendon,  the  natural  trans- 
vei'se  section.  Cuts  made  longitudinally  or  transversely  are  arti- 
firial  longitndiyial  and  transverse  sec/Ions.  The  clay  of  one  electrode 
being  placed  on  the  natural  surface  of  a  living  muscle  from  a 
recently  killed  frog,  and  tlie  other  upon  its  tendon,  the  galvano- 
meter will  at  once  show  a  current  passing  from  the  one  to  the 
other,  indicating  that  the  former  is  positive  to  the  latter.  Test- 
ing the  muscle  thus  in  various  positions,  it  is  found  that — 
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1st.  Any  lonjfitudinal  is  positive  to  any  transverse  eectiori. 

2<i.  A  point  of  a  jcfivcn  longitudinal  section  nearer  to  the  cen- 
tre of  the  nmeele  is  positive  to  one  further  off, 

8d.  A  point  of  a  given  transverse  section  near  the  periphcrj? 
i*  positive  to  one  near  the  centre. 

4tli.  Tlie  current  between  two  points  In  any  given  eection  is 
weaker  than  that  between  any  two  in  <litlerent  sectionp. 

5Ui.  TointB  in  the  fame  section  at  an  equal  distance  Irom  tlie 
centra  do  not  ffive  u  current. 

6th.  The  smallest  fragment  that  can  b«  used  will  give  the 
results. 

7th.  The  strongest  current  is  between  the  centres  of  tho 
natural  longitudinal  and  the  artificial  transverse  actions. 

Thetie  facts  are  explained  upon  the  liypothesiH  that  each 
muscle  consistsof  regularly  arrange<l  electromotor  elempnt*,  the 
sides  charged  with  positive,  and  tho  ends  with  negative  elec- 
tricity, enveloped  in  a  conducting  medium. 

The  current  is  better  marked  after  the  muscle  has  been  ejt- 
posed,  but  ceases  entirely  when  it  is  dead.  It  is,  therefore,  a 
phenomenon  of  life. 

903,  The  Frog  GalTanoseope. — A  s^alvanometcr  is  not  required 
for  exliihiting  these  experiments.  They  may  be  shown  by  using 
another  nerve  and  muscle.  For  example,  if  a  living  muscle  be 
detached,  with  as  long  a  portion  of  its  nerve  aa  possible  attached 
to  it,  and  the  latter  is  dropped  ui_'on  another  living  muscle 
coming  in  oontftct  witli  a  Unigitndinal  and  transverse  section, 
the  former  will  instantly  contract,  i>howing  that  a  current  passes 
between  the  two  sections. 


904.  Active  Muscle  Correats. — If  a  muscle  is  forced  to  contract, 
its  normal  current  at  rest  is  diminished.  The  effect  is  bo  instan- 
taneous that  it  re':juire8  a  number  of  rapidly  succeeding  t-on- 
trsclions  to  show  it;  in  other  words,  it  must  be  tetanized.  In 
this  condition  the  galvanometer  needle  moves  to  zero,  and, 
finally,  takes  it«  position  between  its  original  position  and  that 
point. 

The  ^ame  result  is  obtained  from  warm-blooded  animals, 
though  not  so  easily,  on  account  of  the  difficulty  in  keeping 
tiiese  organs  alive  alYcr  removal  from  the  body. 

905.  Kenre  Currents. — Similar  efifects,  though <m  a  much  smaller 
scale,  may  be  obtained  from  nerves,  showing  that  thev  have  a 
natural  current  which,  like  that  of  musclOf  is  diminished  by 
activity  in  the  organ. 


698  BLKCTROBIOLOOy. 


CHAPTER   LIV. 

ELECTROTHERAPY. 

General  effecls  of  electricity — Static  electricity — ConBtant  primary  current— 
Gftlvanocaiitery — Electrolysis  —  OalvanopuncLure — Nerve  stimulatioa  by 
constant  current — Intermittent  primary  current — AlterDating  secondary  or 
Farad aic  current — Faradization  localized — Eleclrolonus — Application  fur  re- 
suscitation— Application  in  diagaoaif. 

Electrotherapy  is  the  study  of  the  action  of  different  forma 
of  electricity  upon  the  body,  and  their  application  in  therapeatice. 

906.  General  Effects  of  Electricity. — When  the  electrodes  of  a 
powerful  battery  are  taken  in  the  hands,  a  violent  shuck  ia  felt, 
which  is  greatly  increased  if  they  are  moiBtened.  If  the  battery 
contains  200  Bunsen  cells,  the  shock  is  very  dangerous. 

Protoplasm,  the  basis  of  all  vegetable  and  animal  life,  ia  power- 
fully affected  by  action  of  the  electric  current,  and  is  forced 
to  contract.  If  a  current  of  moderate  strength  is  passed 
through  an  amicba,  it  instantly  withdraws  its  processes  and  con- 
tracts into  an  inactive  ball.  When  this  ceases,  it  resumes  its 
activity  au<l  ever-changing  form. 

When  a  fresh  frog  mmde  is  included  in  a  voltaic  current,  no 
effect  is  apparent  while  the  current  is  passing,  but  every  time 
it  is  opened  or  closed  there  is  contraction. 

By  a  rapidly  interrupted  current  a  state  of  tetanus  is  pro- 
duced, the  muscle  not  being  able  to  regain  its  quiescent  state 
before  a  now  contraction  comes  on.  The  amount  of  shortening 
shown  under  these  conditions,  in  a  general  way,  increases  with 
increase  in  the  current. 

The  action  of  the  electric  current  upon  a  living  nerve  is  to 
add  to  its  activity,  whiitevcr  its  function  may  be.  If  it  goes 
to  a  muscle,  it  will  be  forced  to  contract.  If  to  the  eye,  the  sen- 
sation of  light  is  produced,  If  to  the  tongue,  that  of  taste,  and 
so  on,  the  manifestations  taking  place  when  it  is  closed  or 
opened. 

The  forms  to  be  considered:  1st,  static  electricity;  2d,  the 
continuous  battery  current;  -id,  the  intermittent  i»rituary  or 
battery  current;  4th,  the  Faradaic  secondary  or  magnetoelectric 
current. 

907.  Static  Electricity. — P^lectricity  first  employed  in  medicine 
was  entirely  of  this  form.     The  difficulty  in  the  way  of  making 
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apfinraiiis  work  in  (lamp  weiiilicr,  caused  IhU  melho*!  to 
yiclil  place  to  currents  utitained  fioni  the  magnetoelectric  mft- 
cliine.  The  ret-ent  intnuiuction  of  the  lioltz  matrhiiie  hiu*.  how- 
ever, brought  static  eleciricity  into  use  u^iiin  tbrcortain  purposes. 

Eiectricit.v  from  the  HoUz.  Fig.  338,  is  applied  by  bringing 
the  hand  in  contact  with  one  of  its  poles,  and  then  hy  means 
of  an  in»nlated  conductor  placing  the  other  pole  in  Juxtapogition 
with  other  parts  of  the  body.  The  character  of  the  discharge 
varies  according  to  tlic  manner  of  application. 
I  let.  The  aura.  A  oiugle  point  or  a  nunil^er  of  pointH  being 
made  the  movable  tenuinal,  Figs,  S25,  S76  K,  when  this  m 
brought  in  the  vicinity  of  the  surface  of  the  skin  it  feels  as 
though  a  gentle  bix^ezo  were  playing  upon  the  part.  Such  a 
discharec  is  very  pleaaant,  and  would  doubtlcas  be  exceedingly 
gratefu)  in  many  fornw  of  nuperficial  inttaiuniation. 

2'l.  Sparks  from  jwrntit.  Bringing  the  point,  Kig.  JJ7fl  C,  in 
closer  proximity  to  the  surface  until  visible  sparks  piws,  these 
possess  u  pungent  irritating  chanicter,  which  after  u  time  b©* 
comes  intolerable,  and,  it'oontinued,  cause  local  inflaminatiuns. 

8d.  Sparks  from  hiol^.  Figs.  323.  SH>  D  E.  These  are  an  inch 
or  more  in  length;  they  produce  Rpasmodic  contraction  in  the 
part«  npon  which  they  are  delivered. 

4th.  Lrydm  tiid  sparks,  Fig.  334,  have  in  a  general  way  the 
same  action  an  The  preceding,  though  exaggerated,  Kmm  a 
battery  of  sufficient  eize  tbey  can  be  made  sufficiently  effective 
to  proHtnite  the  person  receiving  tlicm. 

908.  Conatant  Primary  Corrent. — This  is  a  continuous  current 
from  any  form  of  voltuic  battery.  Il  should  consist  either  of 
two  cells  of  large  size  employed  for  cauterizing,  or  of  twenty  or 
thirty  for  elcctrolyfiis.  The  large  cells  can  be  stowed  away  in 
smaller  space  by  subdividing  the  zincs,  and  ita  action  made 
more  constaut  by  agitating  the  elements  in  the  electropoton. 
A  current  of  dynamic  electricity  may  be  used,  1st,  for  cautery; 
3d.  for  electrolysis;  8d,  as  a  nerve  stimulant:  4th,  as  an  inter- 
mittent curreut.  The  clectrodee  are  commonly  knowu  as  rheo- 
pbores,  the  term  being  applied  to  the  terminations  of  the  wires 
for  conveying  the  current. 

909.  Oalvanocantery.  — The  apparatus  consists  of  a  platinum 
wire  about  one  milliioetre  thick,  bent  into  a  close  loop,  aud 
flattened  to  form  a  knife  edge  L,  Fig.  3(15.  The  current  from 
two  large  cells  sent  through  this  readily  raises  it  to  a  rod  heat. 
It  is  useful  for  dmwing  hues  along  Ihe  skin,  to  deMtroy  granu- 
lations, to  open  abscesses  and  tisttdas,  to  cauterize  prola|)«us 
recti.  The  current  is  turned  on  and  off  the  wire  by  pressure  of 
the  thumb  upon  a  button,  li. 
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The  pain  Jariiig  the  nppltcstion  U  wvero,  specially  if  the  ii 
t<trutiieiit   id  tuovud   nlowly.     Aftur  ihe  opuruUDii   it   is  sli^bt 
secondurv  hcTiiorrlm,i;u  iiovt'r  ot-'furs  if  it  in  properij 
perlarnie«J.     Ciratiizalion  i-*  rapid. 

Adjust  the  current  to  muko  the  wire  white-hot  ic 
iiir,  atop  the  current,  apply  it  cold,  and  then  incrci 
it  a  little  beyond  tliv  lirHl  adjustnieut.  to  make  a\ 
for  hws  of  licat  by  jiction  of  the  tiiuues.  The  hi 
luust  not  exceed  a  brii<ht  white,  or  the  wire  beeomt 
uiiveh)ped  in  bydro^Mi.  i(«  Hlypiic  action  on  ilic 
Ijlood  IS  lo*t,  and  5t^<ondury  hemorrliage  is  apt  to^ 
t'oljow,  this  also  happens  if  the  galvauocautery  ' 
moved  loo  fast  over  the  surface. 

Figa.  366   to  370,  inclnaire,  represent  differenl 
forms  of  plntiiuim  wires  flattened  and  bent,  whit 
can  he  atlaehed  to  the  statf.  Fig.  iltJo. 

The  gatvanomuxa  is  a  very  thiti  |)orcelBin  capsoll 
around  whichalhin  platiuutu  wire  is  wound  apiraltj 
or  a  8pira1  of  tiattened  platinum  wire.  Fig.  371. 

The  gal  van 'lean  si  ic  loiip  for  removal  of  polypoll 
growths  is  a  thin  iilatinuni  loop.  Fig.  S7'2y  the  eiu" 
pausing  tlirough  an  iusidating  handle.    Its  siz«  can 
increatiied  or  diniinielied.     h  is  uilniirablv  adapted  (o 
i-cnioving  pedunculated  tumors  from  tfie  rectum 
vagina.  The  current  ie  adjusted  by  operating  u[ 
a  piece  of  raw  meat,  of  equal  Rize  of  that  operated 
upon.     It  can  be  introduce<l  oold,  and  when  all 
juHtments  are  utadtj  the  current  in  turned  ou. 
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Dr.  ITarriaoii  Allen'  gives  the  following  dcftcriptioii  of  his 
improved  gakanocuutcry  and  wire  snare  fur  removing  polypoid 

gpowiIiH  from  the  nanil  cavii_v  and  larynx. 
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3        2 


I  Tliit  (tBltBliwrvuIai;  ••MC'  dcMlUwd  hi  Ule  I'll : 

}    I,  Tkpnht««rilietaUNl7. 

X  Tb*tMul»l«likhl>ualUiu*Mlii  hill  hnirlk). 

a.  Tb*  inlMlniiTi  «)r». 

I.  Tk**Hk»'>)ir(iirriM;(-.  witti  •mo*  I»'-I<Ui>f  Oioorkl* ''^ 'If  (^'■"■■n  virgin  MMallloMnM>t  utlk 
Um  hiMo-nHiMOIwiit.  t'T  R Ilk h  till' iiiiMUl  t>inu»MiiBjfivu<  iliiUIMT. 

3l  a  •loUod  tanvl  at  iitnminlBiu. 

t.  A  DWnMil*  HUI  ou  Uio  (rriw. 

T.  *  Hudl  |*«1t»n  iif  lh>  Kivw  ■Itorufact'l  ""Q*'  "i*  ■UilW  kunl. 

•■  MllMMMlMMJwm-bMit. 

It  19  well  known  tliat  a  loop  of  wire  steadily  narrowed  has 
great  power  in  severing  tbe  uttaclimcnt  of  turikore  und  utlier 
grnwtlis.  When  of  a  large  aize,  it  is  anfficiently  powerfid  to 
pfliis  tlirongh  bony  structures,  as  well  as  softer  parla  of  llie  body. 
Tlie  principle  of  tliebiiartt  has  been  einptoyeil  in  llie  throut,  ear, 
and  notie;  luit  when  attention  wiw  HrHi  directed  to  this  Hubjeet 
the  formB  available  were  too  hirge  anri  heavy  for  the  delicacy  of 
manipulBtion  demundcd  in  removing  small  tumors  lodged  in  the 
narrower  recesses  of  the  nose.  Moreover,  no  snare  constructed 
at  that  time  would  permit  a  galvanic  eurrent  to  pass  through 
the  loop  while  it  was  being  narrowed.  It  beeanu-  necesoary  to 
devise  an  instrument  which  would  he  light,  of  small  ttize,  and 
yel  Hufficientlv  powerful  to  remove  iliat  class  of  h^'pertropbiod 
tisAues  and  poIy]»oid  growths  that  nre  of  frequent  oocurrenee  id 
the  nasal  clianibers.  Tlie  inftiunieiit  Fig.  373  combines  tlieec 
lOaliii cations,  and  Batisfnctorily  perfurms  ibis  service.  The  only 
Iture  of  an  es*fential  c-haracter  xvbicb  may  bo  said  to  bo  novel 
is  that  llie  platinvmi  wiie  forming  the  snare  is  eovered  with  a 
copper  coat,  exfeptine;  that  portion  forming  the  loop,  which  is 
bare.  The  current  n-orn  the  battery  i»  conducted  through  a 
double  caniibi  by  moans  of  the  copper.  The  length  of  the  in- 
strument is  about  nine  an<l  a  half  inches,  and  its  weigbl  less 
than  half  an  ounre.  It  has  the  advantage  of  socuring  a  rapid 
and  painless  operation,  without  hemorrhage.  Sessile  (pyramidal) 
or  reiiilient  growths  are  removed  by  first  burning  a  groove 

■  A  S^Kem  of  Praciicsl  M«i)lclne,  1>.v  Anorknn  Butborg,  rol.  Hi.  |>p.  M.  57. 
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of  any  depth  into  them,  after  wliidi  the  loop  is  drawn  wliile  the 
current  is  paasin^.  It  \s  livideiit  Ihut  tUilure  to  remove  at  least 
a  portion  of  the  growth  attacked  ib  an  ereiit  exceedingly  onlikel}- 
to  occur.  Hypertrophiea  of  the  Inferior  turbinated  bone  can  in 
this  way  be  treated  ;  and  if  cocaine  is  freely  applied  before  the 
operation,  itcouatituteo  tlio  most  »[>ecdy  and  least  painful  of  any 

Ftu.  S7i 


ibktLtry.     TbelWoMbof  plfttMAraaklM  bj  ■  lUt  IwkJiJnicMI.     TIk-  .«>r  nlilrli  riH  (.<■■) 
l*utwai)rt««i>|H<n*ln  ftml.  4liirlatl>q[  ihc  («tl>,  Ifca  jilalM  (pekdMil  vtwrilunB).  u>J  ibe  iraHD<. 

means  bf  which  such  conditions  can  be  reduced.  Bv  u»tng  a 
canuta  with  curved  end  it  is  oasv  to  snare  growths  mtuated  on 
the  posterior  portion  of  the  inferior  turbinated  hone.  The  cur- 
rent [>a»»'uig  throuffh  the  battery,  Fig.  874,  to  the  Instrument 
can  be  interrupted  by  any  of  ilie  numerous  devices  with  which 
the  practical  electrician  is  faTniliar;  or  the  treadle  can  bo  de- 
pressed aud  locked  by  the  lever-catch,  and  interruption  of  the 
current  determined  by  pressure  of  the  linger  on  the  knob  of  the 
handle.  This  is  under  all  circumstances  deairable,  a«  the  weight 
of  the  celts  is  sufiicient  to  demand  considerable  force  to  he 
exerted  bv  the  foot — always  enough  to  destroy  dellcocj  of 
tnaiiipulation. 

910.  Electrolysis  is  applied  for  disintc-f^rattng  nnnarv  calculi 
in  the  bliid<iur.  The  latter  is  tirst  tilled  with  a  solution  of  nitrate 
of  pubu^h.  An  ini^truinent  reHcinhlinti;a  lithulrite,  the  jnwi  of 
which  can  be  separated  to  grasp  the  calculus,  is  then  introduced. 
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The  two  ftaiis  of  thiK  up[ianitu?  contain  an  insulated  iilntinuui 
wire.  Its  extremitie»  only  bare.  Between  these  the  cak-uIiiB  is 
gripped,  and  the*  current  from  a  etroiig  battery  gent  through 
ilie  wire  Tho  nitrate  of  (lolufih  is  deoompiiaed,  nitric  acid 
liberated  at  one  pole  attuekft  the  cAloiihis,  and  diAintegrntefi  it. 
HaviiiL'  dune  its  work,  it  is  neutridized  hy  llie  pulash  Bet  free  at 
the  other.  The  bladder  should  be  moderately  Cull  of  tioid,  and 
the  calculus  kept  during  the  operation  ae  near  its  centra  as 
posRiblc. 

Aft«r  a  perforation  has  been  secured  by  the  acid  in  one  place, 
the  calculus  t^hould  be  ^ripiicd  by  a  frcsb  dlanketcr,  and  aiioiher 
made.  According  to  eonibtion  of  the  patient,  the  operation  niURt 
be  repeated  from  tinte  to  time,  until  it  is  comidetely  iiouej- 
conibed,  it  cun  then  bu  readily  crushed  by  a  lilhotrilc,  and 
remo\-ed. 

911.  DslTaDopnnotiire  is  the  application  of  electrolysis  to  treat- 
ment of  Hiieurieaiu.  It  consists  in  decomposing  the  blood  )>y 
a  constant  current,  coagulating  rtie  albumen,  and  furnishing 
a  nucleus  upon  which  iibrtn  may  be  deposited.  The  buttery 
required  is  twenty  to  thirty  celU  of  Duniell,  or  tllteeu  Urove. 
The  anode  consists  of  a  fine  platinum  needle  ineuhited  nearly  to 
it«  point  with  a  uniform  covering  of  ebonite.  With  this  th« 
tumor  is  pierced.  The  cathode  is  a  large  metallic  plate  covered 
with  wet  sponge.  This  is  placed  on  the  thoroughly  moistened 
skin,  as  near  as  possible  to  the  aneurism.  The  artery  lauHl  he 
coniprc^Acd  below  the  tumor,  so  the  clot  is  not  carried  of}',  and 
the  current  opened  and  closed  gradually.  If  it  is  too  strong, 
bubbles  of  gas  are  set  tree,  and  the  clot  is  looHuand  tacktc  neces- 
sary consistency.  The  operation  is  continued  until  pulsation 
ceMM,  or  gas  is  delected.  The  cure  is  generally  eitcctetl  by 
inflanimatiun,  which  sets  iu  ininiediately  or  alter  u  day  or  two. 

912,  Herre  Stimulation  by  Conitant  Current. — The  muscles  and 
motor  nerves  are  not  ortectcd  unless  the  current  is  very  strong, 
or  its  density  varies.  The  sensitive  nerves,  on  the  contrary, 
are  strongly  acted  upon,  yiarlicularly  at  the  cathode,  causing 
cutis  anscrina,  attended  by  a  burning  or  prickling.  It  produces, 
first,  arnxnua,  then  hsfpertEmia.  In  diseased  conditions  there  is  a 
differcnco  between  the  action  of  the  continuous  and  Karaduic 
currents. 

Reniak  asserts  fhat  the  conMaut  vnrrcnt  exerts  an  untiphio^istie 
tKtion,  puralyzmg  the  malla  of  the  capiUaries  of  the  wfi/tmed  part,  and 
so  facilitalhiQ  circulation  and  resorption.  lie  recommeuds  its  usu 
in  acute,  chronic,  traumatic,  or  rheumatic  inflammations  of 
joints;  chronic  rheumatism  of  joints,  muscles,  tendons,  perioft< 
team,  and  nerves;  cnuu[«;  inflaniniation  of  spinal  cord,  attended 
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by  hemiplegia;  iDflammation  of  cerebrum  attended  by  tremors 
and  convulsions;  and  for  painful  and  inflamed  tumors.  The 
cathode  is  placed  on  the  inflamed  part,  and  the  anode  near  by. 
If  there  is  water  exudation,  the  application  is  reversed.  Other 
authors  deny  that  the  constant  current  is  superior  to  the  induced 
in  these  cases. 

913.  Intermittent  Frimory  Carrent. — We  have  the  following 
forms  of  paralysis  to  be  subjected  to  treatment: 

1st.  That  in  which  neither  the  will  nor  either  form  of  electric 
current  can  act  on  the  irritability  of  muscle  or  nerve. 

2d.  When  the  action  of  the  will  is  preserved  in  part,  and  yet 
neither  current  can  afi:ect  either  muscle  or  motor  nerve. 

3d.  Where  the  will  has  lost  all  power,  yet  both  forms  of  elec- 
tric current  act,  though  with  diminished  force. 

4th.  Where  both  the  will  and  the  induction  current  are  power- 
less, while  the  intermittent  constant  current  acts. 

In  the  last  condition  we  find: 

A.  During  absence  of  motility. 

Ist.  The  constant  currents  are  so  efiective,  that  those  too  feeble 
to  have  any  action  on  normal  muscles  give  strong  contraction. 

2d.  During  treatment  this  power  rapidly  reaches  a  maximum, 
then  diminishes. 

3d.  In  nmiiy  eases  contraction  is  obtained  not  by  stimulating 
the  motor  nerve,  but  the  muscle  itself. 

Ji.  Motility  returning. 

Irritability  for  constant  currents  diminishes,  as  that  for  the 
will,  and  induced  currents  rises. 

The  intermittent  primary  current  is  of  especial  use  in  modify- 
ing the  irritability  of  muscles  and  nerves.  The  simplest  rule  to 
follow  ill  the  use  of  this  and  other  currents  is,  employ  that  hav- 
ing the  best  effect. 

914  Alternating  Secondary  or  Faradaic  Current. — The  parts  be- 
tween the  poles  are  all  traversed  by  currents  which  converge  to 
the  point  of  application  of  the  poles. 

The  quantity  of  electricity  at  all  cross-sections  of  the  part 
traversed  is  the  same.  Convergence  at  the  points  of  application 
causes  greater  intensity  of  action  and  sensation,  owing  to  the 
tcriiiination  of  the  nerves  of  sensation  in  the  skin,  lo  avoid 
undue  stimulation  of  the  latter,  wc  must  enlarge  the  size  of  the 
electrode. 

When  the  skin  is  dry,  the  current  passes  almost  entirely 
through  sweat  glands. 

According  as  a  larger  or  smaller  extent  of  surface  is  included 
in  the  electric  current,  the  electronics  represented  Fig.  375  are 
employed :  A  large  sponge,  B  small  sponge,  C  pointed  and 
gilded. 
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Other  forms.  Fig.  376,  are  also  employed;  they  are,  V>  small 
kuob  gildeil,  E  larj^  knob  gilded,  F  wire  brush. 

To  exeUe  cntmwntg  nei-ets  aUme,  the  large  electrode  of  wet  sponge 
niui^t  be  applied  to  the  moist  skin,  and  the  wire  brush  drawu 
geutly  over  the  dry  skin  of  the  part  treated. 
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To  excUe  a  miacle  alone,  place  the  large  sponge  over  the  belly 
'of  the  organ,  then  press  the  small  point  firmly  over  the  entrance 
'of  the  motor  nerve  into  the  muttcle.    The  patient  should  bo 
recumbent. 

915.  Faradization  Localized. — The  following  detailed  dircctiona 
are  from  Morgan's  work: 

Head.  The  trunk  of  the  facial  nen*e  is  stimulated  by  placing 
anode  on  the  point  seen  inside  the  ear-shell,  or  conrna,  and 
result  iu  the  entire  face;  hulf  is  drawn  toward  that  aide,  the 
skin  thrown  into  cuuntle^t^  wrinkles,  the  cyo  sliut,  and  the  nose 
and  mouth  drawn  o])1iqueIy  downwards.  The  stimulation  of 
Iho  auriculo-posterior  branch  of  the  facial  nerve,  at  a  point  in  front 
of  tlie  mastoid  process  of  the  temple  bone,  is  verj'  painful, 
and  causes  contraction  of  the  rftrahms  and  nttoUms  auricula, 

» drawing  the  scalp  downwards,  and  raising  the  concha  back- 
wards and  upwards.  The  muscles  of  the  ear  arc  too  unim- 
portant in  man  to  detain  us  any  further.  The  branch  of  the 
ntcial  going  to  the  styh-hymi  and  digastric  m.  is  rarely  reach- 
able, save  in  very  emaciated  persons;  and,  if  reached,  the  result 
is  the  movement  of  the  os  htfoidts  outwards,  backwards,  and 

•1& 
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upwards.  The  frontalis  m.  can  be  stimulated  by  itself  extra- 
muscularly,  the  branch  it  gets  from  the  facial  nerve  being  very 
superficial,  and,  in  contracting,  it  throws  the  brow  into  hori- 
zontal wrinkles,  curved  somewhat  downwards  in  the  median 
line.  The  corrugator  superciUi  m.  is  also  stimulated  extramua- 
cularly,  and  flattens  and  depresses  the  eyebrow,  and  draws 
its  base  inwards  and  downwards.  The  orbicularis  palpebrarum 
m.,  stimulated  extramuscularly,  shows  the  eye  and  wrinkles 
up  the  eyelids.  The  zygovmtic  major  m.,  stimulated  extramus- 
cularly, draws  the  angle  of  the  mouth  outwards  and  upwards, 
and  produces  on  the  cheek  deep  wrinkles,  radiating  outwards, 
from  this  angle.  The  sygomaticus  minor  ra.  requires  intramus- 
cular stimulation;  is  painful,  and  marked  by  the  drawing  of 
the  upper  lip  upwards  and  somewhat  outwards.  The  Umtor 
labii  superioris  proprius  is  ditficult  to  reach,  even  intramus- 
cularly ;  the  upper  lip  rises  almost  vertically,  uncovering  the 
teeth.  The  levator  labU  superioris  alceque  nasi  is  easily  reached, 
but  with  pain,  and  lifts  the  upper  lip  and  the  wing  of  the  nose. 
The  compressor  7iasi  and  pyramidaiis  nasi  must  be  stimulated 
together,  giving  on  the  nose  wrinkles  parallel  with  the  back  of 
the  latter,  and  at  the  root  short,  thick,  horizontal,  or  slightly 
oblique  wrinkles,  while  the  eyebrow  is  drawn  downwards  and 
inwards.  The  dilator  narium  anterior  and  posterior  are  very 
rarely  of  any  sigiiiticance.  The  orbicularis  oris  m.  has  four 
motorpoints;  and,  hence,  to  be  thoroughly  stimulated,  would 
need  four  electrodes;  its  mode  of  action  is  self-evident.  The 
buccinator  ni.,  when  it  contracts,  draws  the  cheek  against  the 
teeth,  and  shortens  the  upper  and  lower  lip  half.  The  triangu- 
laris menti  m.,  when  it  contracts,  drawB  the  angle  of  the  mouth 
downwards  and  strongly  outwards,  lengthening  the  openiug 
between  the  lips,  but  not  causing  them  to  separate  from  one 
another.  The  quadratus  menii  m.  draws  the  corresponding  lip 
half  downwards,  and  somewhat  outwards,  and  presses  it  firmly 
against  the  teeth.  The  levator  mend  m.,  stimulated  extramus- 
enlarly,  pushes  the  lower  lip  forwards.  The  masseter  m.  is 
stimulated  by  placing  the  electrode  in  the  indsiira  semilunaris, 
between  the  eoronoid  and  condyloid  processes  of  the  lower 
jaw;  and  the  temporal  m.,  by  placing  one  electrode  on  the  pos- 
terior and  the  other  on  the  anterior  segment  of  the  muscle,  and 
the  result  is,  the  lower  jaw  presses  up  against  the  upper  one 
with  great  force.  Tlie  to))gue  stimulated  on  one  side,  shortens 
and  curves  towards  it,  and,  if  stimulated  on  its  under  surface, 
is  drawn  quickly  into  the  mouth  again.  Using  two  electrodes, 
the  vel'im  pafafi  is  drawn  backwards  and  upwards.  The  azggos 
nvulce  m.  is  stimulated  by  placing  the  fine-pointed  electrode 
gently  at  the  root  of  the  uvula,  and  the  latter  disappears  almost 
from  sight.  The  superior^  middle,  and  inferior  constrictor  of  the 
pharynx  are  also  within  reach. 
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Neck.  In  examining  this  repon,  the  patient's  face  must  be 
TuaiU  to  look  towards  one  slioulder,  aad  ita  positiou  should  be 
the  same  at  every  Bitlinjf. 

The  siibcufaneous  mUi  tn.,  or  piatfismti  myoidest,  requir(?j<  the 
ttriiide  to  be  set  iieurthe  middle  of  tlie  inner  margin  ul'thc  ttterno- 
Icloido-mftfltnid  iiinscle  and  the  cathode  on  the  subcutaneous  colli 
'branch  of  the  tacial  nerve,  and,  drawing  on  the  lower  lip  and 
haw,  it  may  uncover  the  teeth,  ett-.  The  nercus  accesmriits  WiUisU 
IB  easily  reached,  since,  on  emerging  posteriorly  from  the  sterno- 
cleido-maetnid  (to  which  it  here  giveaotf  a  branch),  it  h,  until  it 
enters  the  trapfzius  m.,  very  snpcrticially  situated;  and,  both 
these  contracting  Miniultaueously,  the  neck  is  bent,  the  lower 
rjaw,  protruded,  the  head  twisted  toward  the  slioulder,  whioU 
Is  strongly  raised  and  drawn  backwards  and  inwards.  The 
tto-no-ctad&-mas<o\d  m.,  on  being  stiiuulated  by  itaelt  by  placing 
the  electrode  sonicwhut  lower  down,  draws  the  head  down  so 
that  the  ear  faces  the  shoulder,  whilst  the  face  looks  somevphat 
upwards,  backwards,  and  txi  the  opposite  side.  The  trapezitui 
Tn.  is  best  acted  on  by  placing  the  anode  on  the  nerve,  en< 
tering  the  muscle  abi^ut  u  half  inch  below  the  ucceBsorius 
Wilhsii  nerve,  iind  wo  get  either  a  raising  of  the  shoulder  back- 
wards, with  drawing  of  the  scapula  towards  tlie  spine,  or  a 
]tuiling  of  the  head  backwards  and  outwards,  or  both  motions, 
according  to  the  action  of  the  antagonists  of  the  trapezius  muscle 
on  the  head  or  shoulder.  The  isolated  stimulation  of  the  levator 
anguli  srnpjiliE  is  followe<l  by  the  drawing  of  the  internal  angle  of 
the  Bcapnlo  upwards,  inwards,  and  forwards,  whiljtt  the  acromion, 
£xed  by  the  weight  of  the  arm  and  the  action  of  the  antagonistB, 
does  not  move  to  any  special  extent.  The  hypiMftossal  nerve  may 
be  reached  just  above  the  comtt  major  of  the  oe  hyoides,  just 
in  front  of  the  hyo-glossiis  ra.,  but  ita  effect  is  uncertain.  The 
0ino-h}joUl  m.,  when  it  contracts,  draws  the  oa  hyoides  downwards 
and  outwards.  The  actions  of  the  staito-thyroid  uud  hyo-thyroid 
are  too  evident  to  need  description.  The  stimulation  of  the 
phrrffic  nerve  (there  is  no  danger  in  the  ^inaultaneous  stimulation 
of  both,  nor  is  it  painful)  for  the  pniduclion  of  artilioial  respira- 
tion requires  quite  strong  currents  and  large  electrodes,  and  the 
anode  must  be  pressed  gently,  but  fixedly,  against  the  outer 
roars^n  of  the  Hicrno-clcido-maetoid,  near  the  omo-byoid.  The 
result  is  rapid  contraction  of  the  diaphragm,  bulging  out  of  the 
abdomen,  and  forcible  entry  of  air  into  the  trachea,  giving  rise 
^to  a  sobbing  aound, 

The  isolated  stimulation  of  the  separate  rauselea  of  the  larynx 
Ita  very  difficult,  and  those  interested  in  this  subject  will  do 
well  to  consult  the  works  of  Toltolini,  Mackenzie,  and  other 
special  ista. 

The  motor  nerves  of  the  shoulder  and  thorax,  arising  from 
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the  supraclavicular  portion  of  the  brachial  plexus,  are  sometimcB, 
but  rarely,  reachable  for  the  purposes  of  isolated  stimulatioD. 

The  posterior  thoracic  or  dorsalis  scapuUe  nerve,  when  stimu- 
lated, causes  the  rhomboid  m.  and  the  serratus  posticus  superior  m. 
to  contract  and  draw  the  scapula  upwards  toward  the  spinal 
column  and  feebly  to  lift  the  upper  ribs.  The  isolated  stimula- 
tion of  the  lateral  thoracic,  or  external  respirator}/  uerve,  causes 
the  serratus  antieus  major  m.  to  contract  vigorously,  thereby 
raising  the  acromial  angle  of  the  scapula,  and  pushing  this  bone 
very  far  outwards  and  forwards,  and  lifting  the  clavicle  some 
distance  out  from  the  thorax.  The  sithscapmar  m.  is  most  easily 
stimulated,  directly,  or  else  by  acting  on  the  subclavian  nerves 
in  the  posterior  part  of  the  axilla.  The  stimulation  of  the 
anterior  thoracic  nerve  causes  the  pectoralis  major  m.  to  draw  the 
arm  far  towards  the  median  line. 

Upper  Extremity.  On  placing  the  electrode  just  above  the 
clavicle  towards  its  outer  extremity,  the  deltoid  m.  is  caused  to 
contract.  The  stimulation  of  the  musculo-cutaneous  nerve  at  its 
emergence  from  the  coracobrachial  m.,  in  the  groove  between 
the  latter  and  the  biceps  muscle,  or  at  the  point  between  the 
two  heads  of  the  latter,  is  painful,  though  it  causes  the  simul- 
taneous contraction  of  the  biceps  m.,  and  the  brachiaUs  intemus 
m.  The  ieohated  contraction  of  the  biceps  m.  is  effected  by  the 
use  of  the  niotorpoint  between  its  two  heads.  The  stimulation 
of  the  brachiaUs  internns  requires  tlie  anode  to  be  placed  at  the 
point  where  the  lower  half  or  third  of  the  biceps  muscle  begins 
(pushing  with  the  tingere  the  median  nerve  aside  to  save  it), 
whilst  tlie  cathode  rests  on  the  outer  edge  of  the  other  muscle. 
The  /iiedidR  nerve,  tliough  easily  reached  at  any  point  along  the 
sufctis  bicipitaUs,  is  best  stimulated  at  the  lower  third  of  the 
humerus,  where  it  can  bejixed  against  the  bone.  The  stimula- 
tion of  this  nerve  excites  peculiar  pain  in  its  sensitive  cutaneous 
branches  on  the  hand  and  fingers,  and  causes  contraction  of 
the  pronator  teres  and  (juadratus,  radfaUs  inlernus,  palmaris  longus, 
fexor  digitor  s'ibiniitis  and  profundus,  etc.,  producing  strong  prona- 
tion of  the  forearm,  flexion  of  the  hand  towards  the  radial  side, 
flexion  of  the  fingers  with  opposition  of  the  thumb.  The  stimu- 
lation of  tlie  pronator  teres,  by  eitlier  of  its  two  motorpoints,  is 
quite  painful,  in  consequence  of  the  great  number  of  sensitive 
nerves  on  the  flexion  side  of  the  arm,  though  the  resulting  con- 
traction is  exceedingly  rapid  and  strong.  The  Jlexor  digitor  sub- 
6»("5,as  well  as  the  profundtis,  is  only  accessible  to  intramuscular 
stimulation.  The  branches  of  the  median  nerve  going  to  the 
radialis  interims  and  palmaris  m.,  which  come  off  at  about  the 
same  point  from  the  nerve  trunk,  also  enter  their  respective 
nuit^cles  at  about  the  same  distance  from  the  elbow  on  their  ulnar 
margins.     The  pronator  quadratus,  and  flexor  poUiris  lonqus,  need 
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intraiuuecular  Btimulatiou.  Tlie  niotoiTiointa  of  the  abdttctor 
poUieis  brmSf  oppoiiens  polUmy  ami  Jlexor  /xMiris  f/rnu's,  are  snper- 
ficial  and  easy  to  find;  tliifl  if.  true  in  general  of  the  other 
muHcles  of  llie  liand  an<l  tingcrs.  Thuiigli  the  Htiinr  nt^rve 
may  he  reached  at  any  point  from  tlie  axilla  to  the  elbow,  still 
the  best  place  to  etinuilatc  it  is  at  the  gmove,  between  the 
olecranon  and  the  internal  condyle  of  the  hnmcrns,  and  the 
reault  is  pain  along  the  course  of  its  pfUmaris  lonijns  aiul  digital 

•JminrhrR  un  the  dorsal  side  of  the  hand,  and  contraction  uf  the 
ttnaris  inlfmus,  fiexor  di^fitor  pro/nndus,  pnlninris  ftivcts,  iiitfrosfi^ 
lumbricoides  quartns,  nnd  addudor  polUcis.  The  ulnans  internum  in., 
when  atinmlated  iaolatedly,  directly  or  indirectly,  fiexes  tlie  hand 
towards  the  ulnar  side  of  the  arm.  The  nlnar,  like  the  median 
nen'e-branch,  going  to  the  flexor  digifor  profundus  m.,  is  not 
RURCcptiblc  of  ittolatioii. 

The  radkd  nerve  is  best  reached  at  the  point  between  the 

[insertion  of  the  deltoid  niUBcIe  and  the  external  condyle  of  the 

[ibtimerus,  somewhat  to  the  outside  of  the  latter.    The  branches 

lit  gives  to  the  trireps^  bracbialia  intemus^  ami  supinator  longm 
ire  not  within  reaeh,  ao  that  theae  mnseles  must  be  atimulatcd 

\difecU>t — *'.  ^.,  intramuscularly.    "When  the  supinator  longus  ni.  con- 
tracts, it  f1oxe»  tho  forearm  on  thn  arm  in  a  position  bclwocn 
ironafion  and  supination,  and  only  really  Biipinateft  when  the 
torearni  is  strongly  prunated ;  thus  it  it;  in  truiii  a  tlexor  nitiacle. 
The  nuilnlis  erternus  tongun  m.  onl}*  reacts  when  stimulated 

intramuscularly;  as  is  also  the  case  with  the  supinator  brfris  and 
radiafis  ezternus  ffrevis.  Both  the  branches  the  exiaisor  communis 
iigitorum  receives  from  the  radial  nerve  should  Iw:  stimulated 

[ftimultaiieonaly,  to  give  rise  to  a  complete  contraction  of  this 
muscle;  or,  as  the  okin  is  not  very  sensitive  here,  the  com- 
ponent huudlea  may  be  acted  upon  separately,  placing,  of  coume, 
the  two  electrodes  upon  the  muscle  itself.     Direct  stimulation  is 

lalso  necessary  for  the  uharii  cxtenms  ni.»  and  the  result  is,  ex- 
tension of  the  hatul  towards  the  ulnar  side  of  the  arm.     The 

■motorpoints  of  the  abdartor  pMifis,  extensor  digiti  ndnir^  propr., 
extoi^or  indids  propr.,  extamor  poOicis  longus  and  Arciris  m.,  are  easily 
found  by  reference  to  any  anatomy. 

Trunk.  The  muscles  of  the  trunk  receive  each  several  nerves, 
and,  hunce,  cannot  be  caused  to  contract  generally,  nor  is  it 

|necesi<ary  that  they  bIioiiIU  do  so. 

Of  the  muscles  of  the  back,  some  have  been  mentioned  in 
treating  of  the  neck;  of  the  orhcrs,  the  only  ones  that  can  be 
reached  are :  the  -tplntiuji  capitis,  the  fatissimus  dorsi^  the  teres  major 
and  minor,  and  the  .ferratus  po.fticas  inferior. 

Lower  Extrnnity.     The  stimulation  of  the  ci'ural  nerve  causes 

^tiiuch  pain  along  the  track  of  the  s^phmuji  uuTJor,  nJmor,  and  cuta- 
tfemoris,  anterior  and  m«rfM«,  and  on  the  front  and  inner  aide 
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of  the  thigh,  the  knee,  and  the  leg  down  to  the  big  toe,  along 
with  powerful  contraction  of  the  muscles  of  the  leg.  In  ema- 
ciated persons,  it  is  oiten  possible  to  stimulate  the  chief  branch 
of  the  crural  nerve,  which  goes  to  the  quadriceps  extensor  cruris,  and 
this  excites  not  only  that  muscle,  but  also  the  extensors  on  the 
front  of  the  thigh.  The  rectus  fermoris  m.  baa  a  motorpoint  four 
to  five  inches  from  the  anterior  superior  spinouB  process  of  the 
ilium. 

The  vastus  extemus  m.  has  two  raotorpoints  two  to  three 
inches  apart;  and  it  is  best  to  act  simultaneously  on  both  with 
the  two  electrodes.  The  stimulation  of  this  muscle  is  easily 
effected;  but  to  lessen  the  pain,  it  is  necessary  to  push  the 
handle  of  the  electrode  towards  the  other  thigh,  pressing  the 
nerve  of  this  muscle  outwards.  The  sartorhis  muscle  receives 
several  nerves,  but  it  is  most  advantageous  to  place  the  cathode 
on  the  upper  motorpoint,  and  the  anode  on  the  lower,  or  on 
the  lower  half  of  the  muscle.  The  tensor  fasdcB  hztoB  m.  receives 
a  branch  from  the  glutceus  superior,  and  another  from  the  crural 
nerve,  both  within  easy  reach.  The  stimulation  of  the  obturator 
nerve  requires  the  electrode  tO'  be  firmly  pressed  on  the  part, 
and  is  very  painful,  although  it  gives  rise  to  an  exceedingly 
energetic  adduction  of  the  thigh.  The  peciineus  and  the  adductor 
brevis  are  best  stimulated  intramuscularly.  The  addttctor  htig'is 
and  the  i/racHis  are  readily  rciicbed  extranuiscularly,  and  the 
adductor  viag^um  has  a  very  available  motorpoint  at  the  inner 
and  posterior  part  of  tlie  thigli.  Tha  glutceus  superior  and  inferior, 
and  the  sciatic  nerves,  are  rarely  within  reach,  and  always  need 
strong  currents  and  pressure.  Each  head  of  the  biceps  fenioris  m. 
has  a  motorpoint. 

The  motorpointB  of  the  remaining  muscles  may  be  easily 
found  by  reference  to  any  anatomy. 

Many  of  the  more  important  points  for  application  of  elec- 
trodes are  given  in  Fig.  377,  in  which  the  left  side  presents  a 
face  view  of  the  body,  and  the  right  a  back  view.  From  Bar- 
tholovv's  "Electrotherapeutics."  The  stimulation  of  the  bladder 
or  uterus  is  readily  effected  by  introducing  in  the  one  case  an 
electrode  into  the  viseus,  and  in  the  other  applying  it  to  the  en- 
trance, and  holding  a  large  sponge-electrode  against  the  abdomi- 
nal wall,  or  passed  up  the  rectum,  or  resting  against  the  sacrum. 

916.  Eleetrotonns. — In  a  living  nervo,  certain  parts  on  the  sur- 
face are  positive  to  other  parts,  and  will  give  a  current  through 
the  galvanometer  when  intervened  in  tlie  course  of  a  wire  con- 
necting tbeni.  Suppose  this  connection  made,  then  let  another 
portion  of  the  same  nerve  be  included  in  a  voltaic  circuit,  and 
let  the  current  paj^s  in  the  same  direction  as  the  proper  nerve 
current.     The  latter  is  at  once  increased  though  none  of  that 


ELSGTBOTHEBAPY. 
PiQ.  377. 


711 


f 

r. 

■■» 

h 

J 

s 

. — —i 

'    u 

fbrt .  HfjinltM 


7)Mp  PeroMtal, 

Puliita  fur  «]i|>li(->lliin  of  FloclroilM. 


712  ELEGTROBIOLOaV. 

1.  Seventli  or  racial  nerve  fllviictJI  (nppIflDg  Ihf  frunul  tuavle. 

2.  Serentli  or  facial  norre  niuuenl  rappljlng  Ihs leralor  Ubli  tDperiori't  almiiie  nail 

3.  !i«teiilii  or  racial  nerve  fllsjuent  (upplying  the  zygumaillriu  minor. 

1.  Seventh  or  faciul  perre  Slamotil  nippljlDg  Ihe  orblcularie  orii  and  iiiuilmtm  m«ntl. 
5   Fbrenir  nerve  supplvlng  the  dlapblsgtn. 

li.  MiiKalu-cutaneiiiiR  nerve  "  bicepa,  biscliiali*,  etc. 

7,  MuBCulo-rulaiieutu  nerve  "  biAcbialli  InlPrDiu. 

K    Ulnar  nerve  "  miisclee  of  fore^nn  and  l;aiid. 

!>.  Raillal  nnrvv  "  tieiora  of  Ibiiinb  anil  flngere. 

Ill    Ulnar  Dervf  *'  inlniarje  brevli,  abductor  digltor.  min.,  oppuneiw  dlKil'it, 

min,,  etc. 

11.  Obturator  nervi-  "  aartorlun,  adductor  luntcue,  etc. 

12.  Cninil  nerve  adiluclor  longiu,  vhMui  intern ue,  ptc 

13.  Craral  iiBrre  '"  vaetus  eztrruui. 

14.  Mueculi>ciitaiieuiia  nerve  ''  flexor  dlgltonuii  cam.  long. 
in.  Occipital  nerve                            "  porterlor  neck  milacles. 

10    drcnmOex  nerve  ■'  tricepa,  etc. 

17.  Intercoetnles  nerve  "  tumbar  muiirlea. 

15.  Gluteus  nerve  "  adductor  magniv,  etc. 
19.  Popliteal  nerve  '*  gaatnicDemlui  eilcmun. 
■JO.  Pupltleal  uirve  "  mlem. 

• 

from  the  battery  paaaes  into  it.  Thia  change  in  the  normal 
electromotive  state  of  the  whole  nerve  by  the  passage  of  a 
constant  current  through  a  portion,  is  called  the  electrotonk  stale, 
and  is  most  intense  near  the  exciting  current.  It  lasts  while 
this  is  passing.  The  excitability  of  the  nerve  is  increased. 
The  part  through  which  it  is  passing  is  called  the  mtrapolar 
region.  The  condition  near  the  positive  pole  is  called  anekc- 
troionm;  that  iioar  the  negative  pole  hathelectrotonus. 

The  excitability  of  the  nerve  is  diminished  in  the  anelectre- 
tonic  region,  in  the  kathelectro tonic  region  it  is  increased.  Its 
power  to  convey  a  stimulus  is  also  lessened  in  the  first  and 
increased  in  the  second.  If,  therefore,  it  is  required  to  diminish 
the  excitability  of  the  sensory  nerves  in  any  part,  the  current 
should  be  so  passed  as  to  throw  them  into  the  anelectrotonic 
state,  and  vice  versa. 

917.  Application  for  Resuscitation. — A  powerful  electric  current 
passed  through  the  body  of  a  killed  animal  produces  strong  con- 
tractions of  the  muscles.  In  like  manner,  a  Faradaic  current  will 
often  restore  functions  impeded  in  aphonia  and  asthma.  Even 
the  respiratory  function  may  be  restored  in  asphyxia  from 
chloroform,  or  opium  poisoning,  by  faradization  of  the  phrenic 
nerves.  This  is  accomplished  by  placing  one  electrode  over  the 
scalenus  anticus  muscle,  behind  the  sterno-mastoid  at  the  root 
of  the  neck,  while  the  other  is  brought  in  contact  with  the  sixth 
or  seventh  intercostal  space. 

918.  Application  in  Diagnosis  is  admirably  summed  up  as  fol- 
lows, by  J.  McGregor  Eobertson,  who  says:  The  electric  current 
is   employed,  (1)  to  detect  alterations  of  irritability  or  sensi- 
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ily,  (2)  to  aid  in  dislintjuiflhing'  between  forms  of  paralysis, 
(3)  to  detect  the  present-e  in  tlie  tiasuos  of  foreign  metallic 
bodies.  (4)  to  anniusk  matingcrore,  (5)  as  a  Hnal  teat  of  death. 

(1)  To  test  irrihibility  of  mwteU  or  nerve,  use  an  induction  our- 
reut,  and  apply  well-nioistened  electrodes  to  the  t>art,  the  skin 
over  which  is  also  moist.  This  insures  the  current  traversing 
the  latter  without  allecting  it.  Graduate  its  intensity  l>y  adjust- 
ing the  Becondary  coil  or  altcTiTig  the  extent  of  surface  of  plates 
in  action  in  tlie  cell.  Bepn  with  the  healthy  side,  and  find  the 
fecbleet  current  that  will  produco  a  response  on  the  part  of  the 
muscle  or  group  tested.  Compare  the-  rcRiilt  obtained  with  that 
of  a  similar  experiment  on  the  susjpectyd  side,  taking  care  that 
the  experiment  is  repeated  under  precinely  f^itnilar  conditions. 
If  both  Hides  nre  suspected,  then  a  healthy  slandant  must  l>e 
obtained  etsewliere,  and  the  physician  must  compare  his  reeults 
with  an  average  obtaineiJ  from  healthy  individuals. 

For  testing  smxihUtO/  tlic  skin  must  be  aelod  on,  and  not  the 
tissues  beneath.  Therefore,  tlic  electrodes  must  l>e  dry  (u  wire 
brush),  an<l  the  former  well  dried  and  dusted.  Then  tind  what 
strength  of  currentjust  begins  to  be  painful  on  the  healtliy  side 
of  the  patient,  ami  compare  this  with  the  diseased  side. 

(2)  For  electrical  diagnoaia  paralysis  is  considered  due  either 
to  a  etnirtd  or  ■perij>heral\v:&toUy  imd  the  value  of  electricity  is  in 
the  aid  it  gives  in  distingiiishing  between  these,  A  cruiraf 
lesion  is  one  which  separates  the  muscles  from  the  htghrr  <:e»tres, 
a  periphfrnt  one  that  cuts  them  off  from  their  lower  caitrca.  Thus 
those  of  the  legs  are  in  nervous  communication  with  centres  in 
tlie  spinal  cord,  their  lower  centres;  but  these  are  subservient 
to  centrtw  in  tJie  brain,  their  higher  centres.  Now  these  muscles 
may  be  cut  off  from  their  liigiier  centres,  their  lower  being  left 
intact,  Ijy  a  lesion  in  the  brain,  or  one  in  the  cord  above  the 
seat  of  t-heir  lower  centres;  and  in  each  the  lesion  would  be 
called  centra/.  If,  however,  it  is  in  the  cord,  affecting  the  centre 
from  which  the  nerves  supplying  the  muscles  come  off,  or  in 
the  nerves,  cutting  olV  communication  between  the  cord  and  the 
muBcloR  themselves,  it  is  called  paiphtniL  Thus  cenlval  pftrali/sia 
is  (h?p('ndent  upon  diseaAO  in  the  brain,  or  in  the  cord,  higlier 
\xy  than  the  place  of  origin  of  the  nervet^  for  the  affected  mue- 
clea,  while  jteripheral  p<trali/sis  is  due  to  disease  in  the  conl 
affecting  the  centres  connected  with  the  paralyze*!  muscles,  or  to 
disease  of  the  nerves;  and  Ihia  would  include  injury  to  tfaera— 
e.  (/.,  cutting,  bruising,  thus  depriving  them  of  nervous  con- 
tinuity. 

This  being  explained,  the  main  (act,  stated  broadly,  is  that 
rurvea  and  muaclet  paraii/ud  %  a  central  lettoti  have  thrir  irrUahUity 
umaffeeted,  while  those  by  a  peripheral  have  it  rapidly  dimitiished  and 
finallp  aholinked. 
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In  the  central  lesion  the  uerves  and  muscles  Btill  retaiu  their 
conuection  with  the  centres  in  the  spinal  cord.  They  are  only 
removed  from  the  influence  of  the  will,  so  that  voluntary  motion 
is  in  abeyance,  but  the  nourishment  of  uerves  and  muscles  re- 
mains, and  no  sign  of  any  impaired  function  ought,  therefore, 
to  be  present.  Of  course,  volition  being  suspended,  their  duties 
are  no  longer  performed.  They  fall  into  disuse,  and  since,  in 
course  of  time,  enfeeblement  always  attends  disease,  after  an 
interval,  diminished  irritability  will  be  perceived.  This  is,  how- 
ever, directly  the  result  of  disuse,  and  only  indirectly  a  result  of 
the  lesion.  The  irritability  can  be  restored  by  faradization, 
which  afibrds  an  artificial  stimulus,  and  causes  the  paralyzed 
muscles  to  work.  So  the  rule  remains  that  irritability  is  unaf- 
fected by  the  lesion.  There  is  an  exception,  however.  It  occa- 
sionally happens  that  it  is  apparently  increased.  This  will  occur 
when  the  lesion  in  the  brain  or  upper  part  of  the  spinal  cord 
is  an  irritative  one,  and  aifects  the  ends  of  the  fibres  which  it 
has  cut  off  from  their  centres.  In  the  absence  of  any  ground 
for  supposing  this,  a  physiological  explanation  would  be  that 
the  moderating  influence  of  the  higher  centres  had  been  re- 
moved, and  the  response  of  the  lower  was,  therefore,  more 
easily  elicited. 

In  the  peripheral  lesion  communication  has  been  cut  off  with 
the  centres  in  the  cord.  Those  are  not  only  reflex,  but  trophic; 
the  nerves,  tbert-fore,  degenerate,  and  the  retrograde  changes 
will  ill  time  also  afiect  the  muscles.  Tlie  rapid  loss  of  irrita- 
bility, then,  is  due  to  degeneration.  Here  a  curious  circumstance 
arises,  that  is  difficult  to  explain.  What  has  been  said  refere  to 
electricitv  used  as  induced  currents,  applied  by  moistened  elec- 
trodes. It  is  found  that  in  some  perijiheral  lesions,  where,  as  is 
expected,  response  to  the  induced  or  Faradaic  current  is  entirely 
absent,  the  Tnuscles  will  respond  to  the  galvanic  current  if  it  is 
ffowli/  interrupted,  and  those  of  the  paralyzed  side  will  often  re- 
spond vigorously  to  one  so  weak  that  it  has  no  effect  on  the 
sound  ■iiide.  Further,  in  such  cases  the  nature  of  the  response 
is  altered.  Nominally,  excitability  is  greater  in  the  neighbor- 
hood of  the  cathode  on  closing,  and  the  anode  on  opening  the 
circuit :  but  in  tliese  cases  it  is  contraction  at  the  cathode  on 
opening  and  at  tlie  anode  on  closing  that  is  marked.  It  is 
diflieult  to  explain  these  facts.  That  offered  by  Erb  and  corrob- 
orated by  Ziom-ssen  is  tliat  nerve  and  muscle  respond  differ- 
ently to  an  electric  current;  that,  while  the  former  responds 
readily  to  currents  of  very  short  duration,  the  latter  responds 
more  to  currents  of  longer  duration,  like  those  obtained  by  in- 
terruptions of  the  constant  current.  Consequently,  when  the 
irritability  of  nerve  and  muscle  to  faradization  has  disappeared, 
the  response  of  the   latter  to  galvanism  may  still  be   elicited. 
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In  time,  however,  if  degeneration  proceeds,  galvanism  also  fails 
to  elicit  contraction.  The  cases  which  show  these  degenerative 
reactions,  are  rheumatic  paralysis,  facial  palsy  (due — e.g.,  to  cold — 
i.  e.,  not  hemiplegia),  lead  palsy,  paralysis  dice  to  injury  of  nerve 
trunks,  and  others.  To  sura  up,  then,  in  central  paralysis  irrita- 
bility is  unaffected,  in  peripheral  it  rapidly  disappears,  but  in 
some  cases  irritability  of  the  muscle  to  galvanism  is  increased, 
and  thereafter  disappears. 

(3)  To  detect  foreign  metaltic  bodies — e.  g.,&  bulletin  the  tissues, 
the  constant  current  is  employed.  What  is  required  is  a  battery 
sufficiently  powerful  to  ring  an  alarm  bell,  and  in  the  same  cir- 
cuit a  probe  of  particular  construction.  This  should  be  of  insu- 
lating material,  having  embedded  in  it,  and  insulated  from  one 
anotner,  two  copper  wires.  Their  ends  are  exposed  at  the  end 
of  the  probe.  If  they  are  put  in  the  circuit  of  the  battery  and 
bell,  the  latter  will  not  ring,  because  contact  is  broken  between 
the  two  wires.  If,  however,  the  probe  be  pushed  into  a  wound 
and  come  in  contact  with  a  bullet,  then,  both  wires  touching  the 
lead,  the  circuit  is  completed,  and  ringing  the  bell  gives  the  in- 
dication. Instead  of  a  bell,  a  galvanometer  is  used  (not  one  of 
sensitive  construction),  its  deflection  intimating  metallic  contact. 

(4)  As  a  means  of  detecting  malingerers,  electricity  must,  of 
course,  be  used  with  caution.  If  a  strong  induced  current  fail 
to  induce  contraction,  paralysis  is  evident,  for  contraction  set 
up  by  electricity  is  beyond  voluntary  control.  Though  it  is 
produced,  it  does  not  follow  that  nothing  ia  amiss.  Faradiza- 
tion of  the  dry  skin  with  the  wire  brush,  if  strong  enough,  is 
very  painful,  but  can,  without  danger,  be  employed. 

(5)  Within,  at  most,  two  or  three  hours  after  death  induced 
currents  of  electricity  fail  to  provoke  a  response  from  the 
muscles.  Failure  in  this  is,  therefore,  a  sure  sign  of  death. 
Moistened  electrodes  must  be  employed  in  the  test,  and  the  skin 
well  saturated  with  warm  salt  water. 
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ABERRATION,  chromatic,  45r, 
AbDormiil  K>unds  in  chest,  344 
Abnormal  spectra,  5-50 
Abscissas,  axis  of,  249 
Absolute  vacuum-tube,  2tJ6 

zero,  06o 
Absorbent  media,  398 

spectra,  644 

by  colored  liquids,  'A^ 
by  colorless  liquids,  CAS 
Absorption  in  animals,  30*> 

in  plants,  30(> 

lines  of  spectrum,  38S 

of  eases  bv  liquids,  2tt~i 

of  liquids,'  284 
Accommodation  of  eye,  470 
Accumulator,  electric,  6S0 
Acetic  acid,  514 
Achromatic  condensers,  490 

tens,  4ij6 

objective,  480 

prism,  43 "t 
Acids,  decanting  of,  123 
Aciiiistic  attraction  and  repulsion,  369 
Acoustics,  311 
Actinic  ravs,  43G 
Adhesion, '240 

of  solid  and  gas,  245 

uf  solids  and  liquids,  243 

plates,  243 
.Eolian  harp,  321 
Aerobics,  206 

Aoro-therapeutical  establishment,  206 
Air,  absorption  of  light  by,  899 

buoyant  power  of,  16-"> 

composition  of,  157 

condensed,  respiration  of,  201 

in  caves,  200 

introduction  into  the  lunga,  lii4 

rate  of  movement  into  vacuum,  170 

resistance  to  moving  bodies,  169 

vibrating  columns  of,  340,  341 

vitiated  by  stoves,  802 
Air-pump  exhuustion,  152 
Ajutage,  107 
Alcohol,  '>I4 

freezing  and  boiling  point,  562 

in  wine  and  beer,  104 

percenta^  in  wines,  98 

post-mortem  determination,  104 


Alcoholometer,  104 
Alembic,  584 
Al^K,  515 
Algebra,  38 
Alloy.  73 

Alterative  waters,  'J6 
Alternating  current,  704 
Altitude  and  boiling  point,  't91 
Amal^mation  of  zinc,  (i<A 
Amianthus,  79 
Amici  prism,  499 
Auiceboid  movements,  293 
Amorphous  bodies,  70 
Ampere  currents,  1)86 
Amplifyer  of  microscope,  494 
Amplitude  of  vibration,  312 
Antemia,  209 

treatment  of,  208 
Anaerobies,  206 
Analogous  pole,  623 
Analysis,  484 

of  colored  lights,  441 
I         of  sounds,  360 
I  Anatyzingvnirror,  624 
Anamorphosis,  420 
An  atmosphere  of  pressure,  175 
Anelectrotonus,  712 
Anemometers,  559 
Aneroid  and  altitude,  189 
Aneroids,  188 
Aneurisms,  treatment  of,  bv  electricity, 

703 
Angle  of  aperture,  481 

of  deviation,  424-428 

of  incidence,  424 

of  polarization,  524 

of  refracti'in,  424 
Aniline  dyes,  518 
Animal  heat,  607 
Animals,  distribution  of,  affected  bv 

heat,  612 
Anioiie,  >>65 
'  Annealing,  7^1,  571 
!  Anode,  668 

Anterior  chamber  of  eye,  469 

,  Anthrax  bacilli,  517 

Antilogous  pole,  623 

,  Aplanatic  lenses,  4o5 

Aqueous  humor,  468 

vapor  in  air,  158 
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Arc,  electric,  3»>,  661 
Archimedes,  principle  of,  6fl 

screw,  118 
Area,  unit  of,  262 
Argund  burner,  396 
Argentic  nitrate,  514 
Aneaiftn  wells,  96 
Artitlcitil  horiKon,  414 

illumination,  391 

lighU,  action  of,  on  air,  613 
Asbestos,  79 
Asphalt  varnish,  242 
Aspirator,  149 
Afitatic  needle,  677 
Asthma,  treatment  of,  20S 
Astigmatism,  473 
Atmosphere,  height  of,  15S 

pressure  of,  159,  175 
Atmospheric  electricity,  647 
origin  of,  648 

lights,  387 

spectrum  lines,  547 
Atom,  centre  of  force,  50 

defined,  41 

hard,  49 

nature  of,  49 

origin  of  idea  of,  42 

vortex,  50 
Atomic  attraction,  288 
and  motion,  56 
Attraction,  ucuustic,  :!69 

electric,  628 

espluined,  6:!6 
Atwood's  inai-hinc,  258 
Audiphone,  377 
Auditory  cuniil,  375  * 

Aural  speculum,  421 
Auric  chloride,  514 
Aurora  bon^alis,  floO 
Auroras,  !i87 
Auscultation,  327 
Axes,  coordinalo,  249 
Axial  illuniinntion,  498 
Axis  of  rotaliun,  265 
Axle  flnd  winch,  117 


BACILLI,  517 
BacteDa,  515 

Baking,  006 
liiilance,  58 

essentials  in,  tlO 

hydrostalir,  tif) 

of  Coul'iitib,  7S 

whee),  264 
Balloons,  166 

ascents,  168 

sickness,  198 

traffic,  108 
Banded  spectra,  3'JO,  544 
Barometer,  action  nf,  illustrated,  174 

and  altitude,  ISH 


Barometer  and  death  »te,  182 
and  winds,  181 
I         aneroid,  189 

construction  gf,  173 
Fortin'8,  177 
glycerine,  178 
'         in  mines,  190 
siphon,  177 
wheel,  178 
'  Barometriu  height,  180 

readings,  errors  in,  179 
variations,  179 
,  cause  of,  180 

in  weather,  181 
relation  to  natural  history,  211 
,  Barometry,  172 
\  Baroscope,  166 
Bath  experiment,  608 
Bathybius,  212 
'  Batteries,  cara  of,  659 
Battery,  thermoelectric,  668 
Baum4's  hydrometer,  100 
Beam  of  light,  400 
,  Beck  lens,  481,482 
Beef  tea,  preparation  of,  i>94 

>  Bell-jar,  144 

>  Belle,  388 

electric,  684 
'  Bert,  Paul,  experiments,  195 

rarefaction  cylinders,  19!t 

resume  of  his  results,  214 
Biaxial  crystals,  521 
Bicliromato  battery,  659 
Bile  spectrum,  650 
Binocular  microscope,  508 

vision,  475 
Blackburne's  pendulum,  3ii7 
Black  pigment  of  eye,  469 
Blood,  composition  of,  193 

corpuscles,  194 

spectra,  549 
Blowpipe  flames,  698 
,  Blue  light,  438 
Body,  charging  with  electricity,  628 

cooling,  process  in,  607 

loss  of  heat  from,  613 

of  microscope,  495 
Boiling  point  of  saline  mixtures,  593 

variations  in,  590 
Bone*  of  ear,  function  of,  376 
Boyle's  law,  183 
Breast  wheel,  126 
Breguet's  thermometer,  566 
Brick,  osmosis  through,  301 
'  Bright-lined  spectra,  542 

Broiling,  006 
,  Broken  spark,  627 
Bronchitis,  chronic,  treatment  of,  208 
Brownian  movement,  508 
Bude  light,  397 
Building  materials,  79 
Bullet,  reflection  of,  262 
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Bullet,  electric  test  for,  71"» 
Bull's-eye  condenser,  601 
Bun  sen's  batlery,  Ii-i9 

burner,  S9'2 

filter  pump,  107,  155 
Buoyancy,  centre  of,  92 

of  liquids,  91 


CESIUM,  sfKiolrHm  of,  :^8 
Caissons,  1.">1,  209 
Calcium  lighl,389 

spectnim,  rtiZ 
Calorescence,  3^9 
Calorie,  5*19 

Calorific  etfect*  "f  inductorium,  1593 
Ca jo ri meters,  TiiiS 
Camera  hioida,  4r.O 

obscurn,  it'iO 

phologrnphie,  4i>l 
Campani's  evL-jiiece,  492 
Camphor  vapor,  condensation  of,  -'i7  > 
Cannon  report,  170 
Capillarius,  continuous  flow  in,  29'> 
Capillaritv,  279 

nnd  c^emism,  302 

caiiEes  and  laws  of,  282 
Capillary  tube,  condition  nf  interior,  2K1 
Carbolic  acid  solution,  514 
Carbonic  acid  gas,  210 

tension  of,  207 
Carbon  dioxide  in  nir,  1-'>8 

light,  tltia 

monoxide,  210 
Carcel  lamp,  3'.)5 
Cardiograpn,  114 
Carmine  liquid,  513 
Cartesian  diver,  92 
Cascade,  charging  by,  ft41 
Casetia  aneroid,  181) 
Catbelectrotonus,  712 
Cathode,  G58 
Catoptric  instrument*,  519 

telescope,  421 
Caustics,  419 
Caves,  air  of,  200 
Celestial  telescope,  5l!* 
Cellar  floors,  preparation  of,  801 
CeUius  scale,  <^>4 
Cement  pipef,  128 
Cements,  240 
Centigrade  eiale,  'iti4 
Centric  rotation,  2ti5 
Centrifugal  fi)rce,  applications  of,  207 

motion,  2<W 

pump,  127 
Chain  pump,  117 
Chalybeate  wnlers.  111 
Charcoal,  absorptive  power,  288 

brazier,  i'AC, 

filters,  281!,  287 
Chemienl  action  a  mode  of  vibration, 437 


Chemical  action  in  spectrum,  430 

effecta  of  inductorium,  693 

focus,  466 

microscope,  508 

testing  of  microscope  objects,  514 
Chemistry,  238 

relation  to  physics,  36 
Chest  mites,  371 
Chicken  cholera  bucilli,  518 
Chimes,  electric,  fi2y 
Chladni's  figures,  339 
Chliirides  in  spectrum  analysts,  543 
Chlorophyl  spectrum,  ft48 
Choroid,  ilJfl 

Chromatic  aberration,  456,  478 
Chromatics,  487 
Chromatic  scale,  35(1 
Chromic  acid,  510 
Chromosphere,  382 
Chronograph,  254 
Ciliary  muscle,  action  of,  472 

processes,  469 
Circuit,  closing  and  opening,  054 
Circular  polarization,  531,  582 

vibration,  814 
Circulation  of  blood,  307 

theories  of,  307,  308 
Cirrus,  582 

Cistern  barometer,  17fi 
Clack  valve,  121 
Clamond's  battery,  0C9 
Cleansing  slides  and  covers,  ■509 
Cleavage,  71 

produces  electricity,  624 
CIcpsvdra,  258 
Climate,  601 

and  latent  heat,  672 

and  vapors,  57li 
Clocks,  electric,  684 
Cloudlight  illumination,  603 
Clouds,  582 
Cochlea,  876 
Coddington  lens,  478 
Coclficienls  of  expansion  of  solidii,  5'itf 
of  liquids,  667 
of  ga^es,  558 
Cohesion,  42,  240 

Cold  bath,  physiological  effects  of,  410 
Cold,  eflTects  of  exposure  to,  608 
Cold-blooded  animals,  608 
Cold  in  decompression,  210 
Colland's  gravity  battery,  0">8 
Collimator,  537 
Collision,  259 

balls.  260 
Colloids,  72,  293 
Color,  79 

and  musical  pitch,  444 
Coloration,  404 

by  n)tHtory  polarization,  't^'A 
Color-blindness,  448 

images,  accidental,  442 
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C'llnr,  influence  of,  on  radiation  of  heat, 

*!03 
Colored  lights,  methods  of  mixing,  441 

mixtures  of,  440 
Colored  rings  from  polarized  light,  ■■>2!t 
Colors,  complementary,  442 

of  spectrum,  432 
Combustion,  391 
Comets,  386 

hydrocarbons  in,  887 
Communicator,  electric,  f)8-> 
Commutator,  electric,  (179 
Comparison  prism,  538 
Compass  needle,  076 

action  of,  explained,  687 
Compensation  bar  hygrometer,  68''i 

plate,  f)3i> 

stripes,  o60 
Complementary  colon,  442 
Compound  defined,  4ti 

balance- wheel,  5(iO 

microscope,  479 
Compressed  air,  hygienic  management 
of,  209 

impurities  in,  210 

therapeutical  uses  of,  207 
Compressed  charcoal  filters,  28«; 

oxygen,  action  of,  on  germs,  205 
in  water,  212 
Compressibility,  'i'l 

of  liquid:',  81 
Compression  air-pump,  l"iO 

manometer,  closed,  18'i 
open, ISo 
Conciive  moniscii:;  in  tuboi;,  280 

lens,  Hctioii  of,  explained,  448 

mirror-',  [larts  of,  415 
Conchii,  ",75 
CiKU'ordaiil  sounds,  rjofi 
Ciiudeii-ed  uir,  rt'spimtion  of,  201 

oxvfieti,  respinition  of,  201 
Coiided-^tT  III'  inLliict<iriuni,  <)92 
Condensers,  achromiilic,  49!l 

eleclric,  (>4li 
Cond'-nsiii;;  air-obamber,  151 
Conduction,  5!)5 

flectrii',  1)29 

of  electricity,  fi2l 

of  heiit  by  textile  fiibrics,  6W 
by  liijuids,  59!' 

of  sound,  ;i26 
Conical  viihc,  121 
Cc>njiii;nlo  foci,  41C,  449 
ConlULiion  spores,  Vil) 
Contiiicniul  clinuitcs,  HOl 
Continuous  forces,  2:i!) 

spectra,  542 
Contriictility,  7fi 
Cookinfi,  iipplication  of  heal  in,  5'.I4 

by  radiiiiit  beat,  605 
Conjurviition  of  energy,  2:i4 
Consoniints,  373 


Convection  of  heat,  600 

Convergent  lenses,  446 

Convex  lens,  action  of,  explained,  447 

and  convergent  rays,  460 

meniscus  in  tubes,  280 

mirrors,  418 
Cornea,  465,  467 
Corpuscles  of  blood,  194 
Corti,  organ  of,  376 
Cotton,  absorbent,  285 
Coulomb,  balance  of,  632 
Cover  adjustment  of  objective,  484 
Covers  for  microscope,  509 
Cream  tube,  98 
Critical  angle,  426 

Crookes's  argument  for  radiant  matter 
217 

kinetic  theory  of  gases,  218 
Crossed  lenses,  464 
Cruikshank's  battery,  657 
Cryophorus,  680 
Crystalline  lens,  468 
Crystallization,  672 

dry  method,  70 

moist  method,  TO 
Crvataltized  bodies,  70 
Crystalloids,  72,  293 
Culinary  paradox,  691 
Cumulus,  582 
Cupping-glass,  162 
Cupric  sulphate  battery,  ii5T 

electric  decomposition  uf,  tj'j4 
Ciirvatiiro  of  field,  457 
Cutting  implements,  273 
('ylindrteal  mirrors,  420 


DAMMAK  cement,  242 
Oiuiieirs  battery,  658 
Diirk  space  tube,  220' 
Diivy  lamp,  -'197 
Dayiighl  illumination,  502 
Death,  electric  test  for,  715 

from  diminished  pressure,  200 

from  increased  pressure,  206 

rule  and  barometer,  182 
Declinalion,  magnetic,  (i7fi 
Ducoriip'wition  apparatus,  143 

by  heat,  555 
Decompression  accidents,   treatment  of, 
211 

elfect;-  of,  210 
Dctiiiinir  ])Ower  of  objeclive,  483 
Dellagruli'in  by  eteclricity,  062 
l)ei;n»dalion  of  energy,  235 
Deii-^injeter,  103 
Density,  60 

of  air,  iberHpeulical  effects  of,  198 

of  gnses  determined,  13tt 
llentiils,  373 
Depolarization,  528 
Dcviiuioii,  angle  of,  424,  428 
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Deviation  by  rotation  of  mirror,  412 

minimum,  429 
Devices  forntifiing  water,  116 
Dew,  formation  of,  605 

non-conducting  power  for  heat,  601 

point,  determination  of,  586 
Dialysis,  298 

application  of,  299 
Dialyzer,  298 
Diamagnetism ,  688 

illustrated,  689 
Diapason,  364 
Diaphanous  bodies,  399 
Diaphragms,  458 

of  microscope,  494 
Diatomic  scale,  3<')ti 
Differential  thermometer,  562 
Diffraction,  459,  622 

spectra,  482,  523 
Diffused  light,  409 
Diffusion  between  liquids,  291 

of  gases,  294 

through  barriers,  300 
Diminished  pressure,  death  from,  200 

effects  of,  196 
Diminution  of  intensity  of  sounds,  346 
Dioptric  instruments,  519 
Diplopy,  474 
Dipping  needle,  677 
Direct  vision  spectroscope,  .">40 
Discharging  rod,  641 
Disease  germs,  96,  oI5 
Disinfectant  action  of  charcoal,  288 
Dispersion,  abnormal,  482 

and  deviation,  432 

normal,  431 
Dissipation  of  energy,  236 

of  sound, 326 
Dissociation,  555 
Dissonance,  352 
Distillation,  583 
Distilled  water,  614 
Distribution,  magnetic,  672 
Divergent  lenses,  446 
Diving-bell,  161 
Dobereiner's  lamp,  289 
Double  refracting  prieme,  526 

refraction,  520 
Draper's  theory  of  circulation,  806 
Draw  tube  of  microscope,  494 
Dromograph,  114 
Drops,  244 

Drowning,  death  by,  94 
Drum,  875 
Dry  objective,  480 
Dry  pile  battery,  GfiO 
Ductility,  74 
Du  Faye's  theory,  622 
Duhamel,  graphic  method,  364 
Duplex  burners,  894 
Dynamic  electricity,  652 
Dynamoelectric  machine,  094 


EAR  in  lower  creaturw,  873 
in  man,  374 
'  Earth's  action  on  magnots,  674,  676 
:  Ebullition,  690 
:  Edison  light,  661 
'  Effects  of  illumination,  600 
Effervescent  saline  waters,  96 
I  Efflux,  290 

:         form  and  quantity  of,  106 
I  Effusion,  290 
Eggs,  boiling  of,  596 
,  Elasticity,  63 
limit  of,  76 
of  compression,  77 
I         of  flexure,  77 

of  solids,  75 
I         of  torsion,  76,  78 
:  Elder-pith,  512 
'  Electric,  625 

a^c,  eei 

aura,  627,  699 
]         batteries,  double  fluid,  658 
\  single  fluid,  657 

charge,  dissipation  of,  684 

penetration  of,  040 
chimes,  629 

condition  of  atmosphere,  647 
current,  655 

enfeeblement  of,  656 

reactions  of,  686 
discharge  through  card,  641 
egg,  628 
fishes,  695 
induction,  635 
lighU,  390 

machine,  cleaning  of,  626 
machines,  parts  of,  624 
pail,  637 
pendulum,  622 
residuum,  640 
spark,  660,  699 

chemical  effects  of,  646 

duration  of,  644 

in  air,  626 

mechanical  effects  of,  646 

physical  effects  of,  645  * 

physiological  effects  of,  646 
tension,  666 
vane,  629 
Electricity,  620 

action  on  animals,  698 

a  physiological  test,  712 

bound,  636 

by  cleavage  and  pressure,  624 

conductors  of,  621 

distribution  of,  681 

induced  by  magnet,  690 

in  diagnosis,  712 

in  plants,  696 

influence  of  points  on,  684 

intensity  of,  666-659 

laws  of,  622,  628 
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Electricity,  meaturement  of,  631,  659 

quRDtity  of,  656,  659 

rate  of  p^sage,  644 

superficial  distribution  of,  683,  634 
Elecirobiology,  695 
Electrochemical  theory,  664 
Electrodes,  653,  696 
Electrodynamics,  652 
Electrolysis,  665,  702 
Electrolytes,  665 
Electromagnet,  688 

and  induced  currents,  691 
Electromagnetic  motors,  683 
Electramagnetism,  678 
Electroraetellurgy,  665 
Electrometer,  632 
Electromotive  force,  656 

seriee,  665 
Electro  negatives,  665 
Electrophoms,  630 
Electrophysiology,  696 
Electroplating,  666 
Electroposilives,  665 
Electroscopes,  631 
Electrotherapy,  698 
ElectrotonuB,  710 
Electrotyping  665 
Element,  41 

defined,  46 

hydrogen,  the  original,  49 
Elliptical  polarization,  531,  533 

vibration,  314 
Emission  theory,  ;!80 
Emmetropy,  473 
Emphysema,  treatment  of,  208 
Emulsions,  201 
Endolymph,  37fi 
Endoscope,  412 
Endosnmmetfr,  29'i 
Endosmosis,  297 
Energy,  38 

conservation  of,  234 

degradation  of,  235 

disaipiktion  of,  23<i 

measurement  of,  25"i 

representation  of,  2")1 

subdivisions  of,  2.17 

transformations  of,  233 
Enteric  fever  bacilli,  517 
Eosin  color,  513 
Erect  images,  410 
Erector  of  microscope,  494 
Erysipelas  micrococci,  518 
Ether,  514 

character  of,  381 

defined,  45 

luminifenms,  380 

vibrations,  rale  of,  381 
Eustachian  lube,  37"> 
Evaporation  in  vacuo,  575 
Excentric  rotation,  265 
Exercise  and  insensible  perspiration,  588 


Exhaustion  air-pump,  152 

manometer,  186 
Exosmosis,  297 
Expansion  and  preuure,  185 

by  heat,  555 

of  gases,  558 

of  liquids,  557 

of  solids,  556 
Expiration,  act  of,  164 
Extraordinary  ray,  621 
Extremity,  upper,  electricity  applied  ti* 
mu'clcB  of,  708 

lower,  electricity  applied  to,  709 
Eyes,  466 

care  oT,  with  microaoope,  505 
Eye  lens,  492 
Eyepiece,  479,  492 


FAHRENHEIT'S  scale,  664 
Falling  bodies,  257 

stream,  form  of,  108 
Falsetto  notes,  371 
Faraday  discovered  radiant  matter,  216 

tube  receiver,  145 
Faradaic  current,  689,  691,  704 
Faradization  localized,  706 
Faure's  accumulator,  6l>0 
Fenestra  ovale,  375 
Field,  curvature  of,  467 
j  lens,  492 

Filter  pump,  Biinsen,  155 
I  Filtration,  285,  286,  287 
I  Fire-damp  and  barometer,  190 
I  Fireplaces,  616 
I  Fish,  destruction  of,  213 
I  Fishes,  electric,  695 
I  Fixed  allcalies,  514 
Flagella,  515 
'  Flames,  constitution  of,  396 
'  from  fluids,  394 

I  from  solids,  395 

'  sensitive,  S43 

singing,  342 
structure  of,  598 
Flatness  of  Held,  objective,  484 
,  Flexible  siphon,  120 
Floating  bodies  and  capillarity,  284 
equilibrium  of,  9^ 
.  stability  of,  92 

I  Flotation,  influence  of  sex  and  obesity 

on,  94 
;  Fluids  of  different  densities,  equilibrium 
of,  97 
resistance  to  moving  objects,  113 
I  Fluorescence,  388 
Focus,  depth  of,  457 

determination  of,  460 
Focussing  apparatus  of  microscope,  496 
Ftetus,  lungs  of,  93 

I  Fog, rm 

Foot  pound,  255 
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Force,  38 

EDgtish  unit  of,  254 

ideas  regarding,  '288 

measure  or,  264 

puinp,  122 
Forces,  paratlelogrsm  of,  253 

representation  of,  by  linea,  2u2 
Fortin's  barometer,  17C,  177 
Foucault'B  prism,  527 
Foul  air,  removal  of,  614 
Fractional  distillation,  584 
Fragility,  73 

Franklin's  theory  of  electricity,  623 
Fraunhofer's  lines,  545 
Freezing  mixtures,  572 
Fresnel's  rhomb,  i!V82 
Friction,  27G 

cause  of,  240 

eleclricily,  020 

laws  of,  277 
Frog  galvanoscope,  697 
Frying,  606 
Fulgurites,  649 
Fundamental  colors,  442 

tone,  358 
Furnaces,  618 

heat  and  vaporization,  577 

supply  of  vapor  to,  619 
Fusion,  liiws  of,  570 


GALILEO,  theory  of  action  of  pump, 
172 
Qfllvanic  electricity,  653 
Oalvanocaustic  loop,  700,701 
GatvanocauUry,  699,  700 

baliery,  702 
Galvanometer,  679 
GalvanoplasticA,  665 
Oalvanopuncture,  703 
Gamut,  356 

Gas-burners,  forms  of,  393 
Gas,  139 

compressibility  of,  141 

plastic  force,  141 

elasticity  of,  142 

expansibility  of,  141 

generation  of,  148 
ame,  391 
furnaces,  697 
pouring  of,  146, 147,  148 
relation  of  density  and  combining 
equivalent,  140 
Gaseous  matter,  185 
Qaso),  absorption  of,  by  liquids,  295 
by  sulids,  287 
arrange    themselves    according    to 

density,  146 
collection  by  displacement,  148 
conduction  power  for  heat,  602 
diffusion  of,  294 
form  not  fixed,  136 


Gases  have  weight,  187 

hypothetical  constitution,  138 
reunite  behind  dividing  solid,  137 
transpiration  of,  290 
washing  and  drying  of,  148 
Gas-sphygmoscope.  115 
'  Gauze,  action  of,  on  fiame,  566 
Geissler's  tubes,  155,  544,  693 
'  Generation  of  gas,  143 
Geometry,  38 
Germs,  96 

and  compressed  oxygen,  205 
collection  of,  193 
conveyance  by  air,  191 
destruction  of,  192 
filtration  of,  from  air,  191 
Gift'ard's  injector,  107 
Gilding,  666 
Globe  lightning,  649 
Glycerine,  514 

barometer,  178 
jelly,  516 
Gmelin's  test,  spectrum  of,  550 
,  Gradient,  barometric,  182 
Graphic  method,  262 

Duhamel's  854 
'  Graphite,  72 
Gratings,  623 
Grating  spectroscope,  640 
Grove's  battery,  668 
Gravity,  56,  289 
I  centre  of,  56 

influence  of,  on  falling  bodies,  267 
specific,  60 
I  Gregorian  telescope,  421 
I  Grenelle  artesian  well,  97 
Grenet  battery,  667 
I  Gridiron  pendulum,  669 
I  Gutturals,  373 
GymnotuB,  696 
Gyroscope,  267 


H^MADROMOMKTER,  114 
Humadynamometer,  114 
Hiematachometer,  114 
Hematoxylin,  613 
Hssmoglobin,  194 

spectrum  of,  194 
Hail,  588 
Hair,  elasticity  of,  78 

hygrometer,  686 
Hand-glass,  163 
Hardening,  611) 
Hardness,  72 
Harmonica,  368 
Harvey's  theory,  807 

objections  to,  807,  308 
Head,  electricity  applied  to  muscles,  706 
Hearl  sounds,  346 
Heat,  absorption  of,  604 

convection  of,  600 
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Heat,  effects  on  cotnpositiQu,  ;>54 

on  phyaical  properties,  653 
on  measures  of  quantity,  559 
on  measures  of  time,  56U 
emission  of,  tiOi 
evolved  from  body,  609 
from  exercise,  610 
in  prismatic  spectrum,  486 
ligDtning,  649 
measurement  of,  661 
mechanical  equivalent  of,  819 
source  of,  in  bodies,  607 
sources  of,  oo2 
theories  of,  551,  552 
theory  of  exchanges  of,  605 
transmiEsion  of,  'J04 
Heli<^rapli,  418 
Heliostat,  413 

HelmfaoUz's  resonate  n,  360 
Hepatic  wnten,  96 
Herschelian  telescope,  421 
Heterogeneous  liquids,  arrangement  of, 

98 
Hibernation,  G08 
Hollow  prisms,  589 
Holtz  electric  machine,  •j48 

in  spectrum  analysis,  544 
Homogeneous  immersion  objective,  487 
Hot-air  furnaces,  618 
Hot-blooded  aninialii,  608 
Hot-water  fiirniicus,  018 
Hduscs,  WHrminj;  ol",  Hlj 
Humors  of  eye,  4(18 
Huygtieii's  eye}iiece,  4'JH 
Hyaloid  nienilirane,  -H'S 
Hydraulic  cni;ineeriiig,  trntLeriaU  for,  127 
fricti(Hi,  107 
press,  87,  88 
ram,  1:^4 
tourniquet,  10!) 
Hydraulics  dftined,  ll'i,  116 
Hydrocarbons  in  coincls,  387 
Hydrodynamics,  lOo 
Hydroelectric  machine,  630 
Hydrogen,  ^09 

osmose  puwer  of.  iJOl 
the  (irigiiiul  elciiicm,  49 
Hydrometer,  100 

Kicholson's,  i',~ 
Hydrostatic  bed,  88 

test  for  steam  boiler,-,  89 
in  infanticide,  'M 
Hydrostatics,  8'i,  87 
Hygiene  aud  os[i]i>!e  of  guses,  301 
Hygroiuetrie  bodies,  weighing  of,  S9 
Hypertiielropy,  473 
Hygroiiietry,  585 


ICE  flowers,  'io4 
maebiiies,  576 
Ignus-falui,  3^7 


Illumination   in   microscope,   498,  499, 

500,  602,  508 
Illuminating  flames,  392 
Images  by  concave  lonsea,  453 
by  convex  lenses,  451 
by  spherical  mirrors,  418 
fixation  of,  509 
formation  of,  401,  4G0 
from  plane  mirrors,  410 
lateral  inversion  of,  411 
I  Imbibition  of  liquids,  284 
Immaterial,  S8 
Immersion  objective,  480 
Impact,  2G0 

Impulse,  transmission  of,  260 
Incandescence,  389 
Incandescent  light,  061 

spectra,  545 
Inclined  plane,  272 

surfaces,  capillary  action  of,  288 
Increased  pressure,  effect  of,  200 
Incus,  375 

Index  of  refraction,  425 
India  rubber  and  osmosis,  302 
Indicator,  electric,  685 
Indium,  spectrum  of,  543 
Induced  currents  of  electricity,  689 
Induction,  charging  by,  686 

coil  in  spectrum  analysis,  543 
electric,  635 

passes  through  glass,  ''.38 
mugnelic,  672 
Inductive  [lower,  638 
Inductoriuni,  ti91 

experiiiienls,  693 
Inertia,  61 

Infra-red  spectrum,  646 
Injection,  512 
Inorganic  bodies,  64 
Insensible  perspinition  nnd  exercise,  *>88 
Inspiratory  net,  164 
Instruments,  269 

care  of,  273 
Insulator,  625 
Inteniitiea  of  light,  relative,  408 

laws  of,  404 
Intensity  of  sounds,  346 
Interference  of  light,  521 
of  sounds,  351 
spectrum,  523 
Intermittent  light  develofis  sound,  322 

siphon,  121 
Internal  ear,  37rr 
Interstice,  43 

actual  size  of,  45 
relative  size  of,  44 
Intramolecular  movements,  265 
Iridescence,  438 
Iris,  469 

diaphragm,  46'.',  498 
Iron  deposit  by  eleelricity,  666 
occlusion  power  of,  289 
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Iroa,  osmosis  through,  302 

water  pipes,  128 
IrradiaUoD,  472 
Irrigation,  117 
IsUnd  climates,  601 
Isothermal  lines,  'iOO 


JBWELLBRS'  cement,  241 
Joule's   mechanical    equivalent  of 
heat,  r,19 
Jourdanet,  theory  of,  198 


KALEIDOSCOPE,  26G,  415 
Katione,  666 
Kellner'B  eyepiece,  493 
Kerosene  furnace  and  explosion,  690 
Kilogram  metres,  25o 
Kinematics,  88 
Kinetic  enerpv,  232,  238,  247 
theory,  218 

of  gases,  188 
Konig's  resonator,  861 

stethoscope,  328 
Kymographion,  114 


LABIALS,  878 
Labyrinth.  876 
Lactometer,  102 
Lamina  spiralis,  376 
Lamplight  illumiDation,  503 
Landslides,  91 
Lantern,  photoelectric,  465 
Laryngoscope,  412, 421 
Larynx, 870 
Latent  heat,  &7] 
Law  of  movement,  249 
Laws  of  capillarity,  282 

of  tmosverse  vibrations  of  sound, 
336 
Lead  in  water,  126 
Lead-pipe,  insoluble  lining,  128 
Ltaves,  305 
Leclanchd  battery,  667 
Ledger  lines,  357 
Lens,  aperture  of,  446 

chanf^e  in  curvature,  471 
Lenses,  445 
Leslie's  canister,  603 
Levers,  law  of,  27! 

three  orders  of,  269 
Leyden  battery,  641 

vial,  089 

disiected,  640 
spark,  699 
Lich  ton  berg's  figures,  641 
Licberkiihn,  421 

condenser,  501 
Liebig'B  condenner,  i>84 
Life  and  rarefltid  nir,  153 


Life  and  the  atmosphere,  156 
Liftrpump,  122 

explained,  16! 
Light  and  life,  397 

and  motion,  391 

composition  of,  430, 438 

decomposition  of,  484 

electromagnetic  theory  of,  380 

for  spectroscope  work,  639 

propagation  of,  396 

qualities  of,  4<}3 

recomposition  of,  484 

sources  of,  882 

theories  and  sources  of,  379 

theory  of  origin,  888 

units  of,  407 

velocity  of,  402 
Lightning,  887,  649 

identical  with  electricity,  647 

flash,  172 

rod,  650 
Limpidity,  86 

Lines  of  spectrum,  wave  lengths,  546 
Lint,  absorption  action  of,  285 
Liquefaction,  679 
Liquid  matter,  81 

thermometers,  662 
Liquids,  conduction  power  of,  for  heat, 
698 

densities,  83 

downward  pressure,  90 

elasticity,  82 

equilibrium  in  communicating  ves- 
sels, 96 

falling,  257 

form  not  fixed,  81 

hypothetical  constitution  of,  84 

lateral  pre&iture,  91 

movements  in  tubee,  107 

porosity,  8$ 

resist  compression,  81 

reunite  benind  dividing  solids,  84 

spheroidal  state,  85 

transpiration  of,  290 

upward  pressure,  91 

warming  of,  602 
Liquidity,  84 
Lissajou's  figures.  366 

meth<K],  366,  366 
Lithium,  spectrum  of,  548 
Local  action  in  batteries,  666 
Long  circuit,  681 

compensator,  681 
Longitudinal  impulse,  261 

vibration,  318 
Longsightedness,  478 
Loops  and  nodes,  837 
Lovers'  telegraph,  326 
Low-pressure  engine,  580 
Lubricating  materials,  277 
Lugol's  solution,  514 
Luminositv,  30:1 
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LuminouE  effects  of  inductor! urn,  lj9S 
Lungs,  flotation  of,  93 

moisture  exhaled  from,  587 
Lycopodium,  absorption  action  of,  28'> 


MACHINES.  yr,li 
Magdeburg  bemifpheree,  KiO 
Magenta  color,  513 
Magical  orchestra,  327 
Magic  laniem,  4itl 
Magnesian  light,  380 

phosphate,  action  on  water,  ]3fl 
Magnet,  aniflcial,  070 

action  on  high  vacuum-lube,  22'> 
on  low  vacuum-tube,  224 

induces  electricity,  (190 

power  of,  B75 
Magnetic  keeper,  tS71 

motor*,  coat  of,  C&4 

needle,  67*i 

polarity,  laws  of,  071 

storms,  670 
Magnetizing,  methods  of,  l>7S 
Magnetism,  670 
Magnetoelectric  machine,  690 
Magnifying  power,  augmentation   of, 
604 
measurement  of,  504 
of  microscope,  478 
Malflriti,  111 

und  niarsliff^,  133 
Miilanii!  j;crm,«,  aclion  of  iroes  on,  lt'2 
Mai  dts  MiintUiirfs,  V.li; 

i-xplaimli'iii  (if,  108 
.cyinjiU'ins  of,  197 
Malinf;;orers,  electric  test  for,  715 
SlallfHbililv,  1'-: 
Miilleiible  glKS.^^,  73,  -".71 
Malleus,  37'i  , 

Manometer,  cunipressioii,  ch'sed,  I8(j 
open,  185 

equality,  1S7 

cxhaustiim,  18*1 
Mnnometrie  flames,  :!(',],  :;C,2,  'U'-ti 
Marcy,  tanibnur  of,  '2n-i 
Moritio  glue,  '24'2 
Mariottc's  law,  183 
Marloyl'h  hiirp,  ;i38 
Mar^h  draininj;  and  malaria,  lo-" 
Mason's  hygroiiicler,  58'i 
Mass,  unit  "f,  2.'!2 
Mastic  cotiiciil.  '2-i\ 
Mathenmtii'-:,  rt'l;itii>u  l<i  jiliysics,  35 

defined,  30 
Matter,  ■:h 

chiTiiical  divisions  of,  (14 

fi>iii|ire>sihility  ot',  '13 

detiiicd,  38 

ell'ect  iif  heal  on,  4- 

eflect  (if  pn.'SPtire  on,  4:^ 

elasticity  .'f,  (j.'J 


Matter,  extensibility  of,  55 

impenetrability,  55 

indestructibility  of,  64 

inertia  of,  61 

mobility  of,  CI 

omnipresence  of,  45 

physical  forms  of,  04 

porosity  of,  62 

properties  of,  36 

relation  to  rotation,  o2 

structure  of,  44 

subdivision  of,  39 

theory  of  oneness  of,  46 

transmigration,  64 
Maximum  density,  558 
I  Maxwell's  theory  of  light,  380 
Mayer's  floating  magnets,  675 
Mean  free  path,  218 

in  radiant  matier,  220 
Meat,  boiling  of,  594 
Meatus,  375 
Mechanical  action  of  rad'ant  matter,  224 

effects  of  inductorium,  693 

mechanism  of  eye,  466 
'  Mechanics,  238 

of  blood  circulation,  114 
'         relation  to  physics,  36 
I  Medical  magnetoelectric  machine,  CftO 

physics,  domain  and  application  of, 
36 

thermometers,  564 
I  Megascope,  4(55 
Melloni'a  multiplier,  608 
Membrana  tynipani,  375 
Meuibninei',  vibrating,  339 
Membranous  labyrinth,  37G 
Mendinjrer's  buttery,  658 
Meniscus,  447 
Menstniuin,  245 
Mercurial  pendulum,  5G0 
Mercury,  freezing    and    boiling    point, 
5C2 

pump,  153 
Metals,  conducting  power  for  heat,  5ii'i 

magnetic,  672 

osmusis  of  gaies  through,  302 
Metaphysics,  relation  to  physics,  35 
Metronome,  2()3 

interrupter,  (JQO 
Miasm,  583 
Mica  films,  529 
Micrococci,  515 
Mierocoocua  letrai;cnus,  518 
Microscope,  413,  477 

care  of,  505 

errors,  606 

mirror,  421 

projection,  465 

soliir,  462 
Micrometre  screw,  275 
Microscopic  preparations,  cements  for, 
242 
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Microtome,  simple,  611 

Middle  ear,  875 

Milk  tester,  centrirugftl,  267 

Mineral  waters,  96 

Minims,  244 

Minimiun  deviation,  429 

Mirage,  426 

Mirrors,  410 

aperture  of,  416 

elements  of,  416 

pole  of,  416 
Mixed  powders,  colon  of,  440 
Mixture,  290,  291 
Mobile,  247 
Mobility,  61 

Modern  microscope,  parts  of,  480 
Mohr'B  scale,  72 
Moisture  exhaled  from  lunc^s,  587 

from  skin,  &88 
Molar  attraction,  288 

and  motion,  5C 
illustrated,  289 

motion,  varieties  of,  2<>6 
Molecular  attraction,  238 
and  motion,  £6 
kinds  of,  240 

change  and  polarized  light,  630 

motion,  varieties  of,  278 
divisions  of,  279 
Molecule,  41 

actual  size,  46 

defined,  41 

do  not  touch, 43 

motion  among,  48 

movement    of,    in    propagation    of 
sound,  82-3 

relative  size  of,  44 

the  true  matter,  226 

vibration  of,  44 
Momentary  forces,  239 
Momentum,  2-34,  269 
Monas  crepisculum,  40 
Monochord,  836 
Monochromatic  light,  437 
Monsoons,  569 
Morse  telegraph,  686 
Mosaic  gold,  1)22 
Motion,  88,  247 

non-vital,  -'108 

Newton's  laws  of,  260 

reciprocating,  2fi2 

retlection  of,  2C2 

and  light,  891 

of  fluid  in  capillary  tube,  80^1 

of  mouth  in  speech,  872 
Motor,  electromagnetic,  68=) 
Movement,  law  of,  249 

kinds  of,  2'>0 
Multiple  images,  411 

prism  spectroscope,  689 
Multiplier,  679 
Muscle  current,  696,  697 


Muscle,  irritability  of,  71S 
Musical  notation,  866 

pitch  and  color,  444 
Myographion,  264 
Myopy,  473 


NASAL  speculum,  421 
speecb,  8T8 
Xatural  philosophy,  36 
Xearsightedness,  473 
Nebular  spectra,  644 
Neck,  electricity  applied  to  muscles  of, 

707 
Needle,  telegraph,  680 

for  Diicroscope  work,  610 
Negative  electricity,  622 

pole,  653 
Nerve  current,  697 
Newtonian  telescope,  421 
Newton's  laws  of  motion,  250 
Nickelplating,  667 
Nicol's  prism,  627 
Nimbus,  682 
Nitric  acid,  514 
Nobert's  test-plates,  489 
Nodes  and  loops,  887 
Noise,  319 
Normal  spectra,  623 
Norremberg's  apparatus,  626 
Nose-piece  to  microscope,  492 
Notation,  musical,  356 
Notes,  369,  371 
Numerical  aperture,  461 


OBJECTIVE,  479 
care  of,  606 
I  Objects,  preparation  of,  510 
,  Obsidian,  537 

Occlusion,  288 

Octave,  866 

Gilrsted'a  experiments,  82,  678 

Ohm,  669 

Oil  of  cedarwood,  487 
of  fennel,  487 

Opacity,  79 

Opalescent  bodies,  399 

Opaque  bodies,  color  of,  488 

Opera-glass,  519 

Ophthalmoscope,  421 

Optic  angle,  470 

Optical  centre  of  lens,  461 

Optical  mechanism  of  ey,  467 

Optic  axis  of  crystals,  621 
of  eye,  470 
centre  of  lens,  470 

Optics,  879 

Orbital  roUtion,  266 

Ordinary  ray,  621 

Ordinates,  axis  of,  249 

Organic  bodies,  06 
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Oi^uils  natter  in  «tt«rplpM,  180 

moleculw,  26d 
Orgsnitnu,  mlnnt*  IWing,  40 
Ornnised  bodia,  66 
OiralUtion,  Mnplltude  of,  268 
Otcillktiag  motion,  2Q2 
Oimio  ftoid,  610 
Ounoria,  297,  800 
OatAomreliUs  niorococcd,  618 
Otolitbio  MO,  874 
Ovenhot  mter  wheel,  126 
Overtonei,  868 

Ovum,  ■truotone  erolved  from,  48 
Oxysen  eod  life,  168 

high  teiuioD  of,  204 

pdMolng  1^,  306 

refpintion  of,  201 

tennoiu,  196 

tendon  of,  in  eir,  218 

tbonpeutioel  efiteu  of,  207 
Oxjoklolam  lizht,  462 
OxyhsmoglolnQ,  IBS 
Oxyhydrogen  fluuei,  ehuecter  of,  897 

luit«TD,  462 

lighU,  889 
Oxynugneiium  light,  468 
OxyzlToonium  light,  468 
Ozone  and  malaria,  184 


PboHenic   action    of  radiant   matt* 

m 

Phoapboreacenee,  887 

niotometen,  406 

Photophone,  821,  877 

Photoaphere,  882 

Pbyiical  phenomena  peroefved,  87 

Phyaioa,  m 
defined,  86 
diviaioni  of,  87 
^         of  rcapiration,  810 

Phyriolf^eal  effscta  of   inductorium, 
!     698 
I  Picro-caxmine  liquid,  618 

Pifaomdtr^,  82 
I  Pigmeott,  488 
,  Pinna,  874 

Pipette,  161 
'  Ptuh,  869 

of  Muadi,  862 
I  Plane  mliron,  appltoations  of,  412 
|PlaneeofpelTii,278 

Planetary  apactia,  647 
.  Flanett,  886 
I  Plant!,  abearpUon  in,  806 

diatribuUon  inflaeneed  by  heat,  612 
electriol^  of,  6i>6 

Plaater.  oemoda  Ibroagh,  801 

Platean't  experiment,  86 


Plate*,  vibimting,  888 
"nALLADItrM  occIuBion  power  of,  289  '  Platinum  and  osmosis,  802 


r     Paper-pulp  filters,  287' 
Papin'e  digester,  698 
Fambulic  illuminator,  499 

mirrors,  419 

speculum,  501 
Parachute,  170 
Paralletogram  of  forces,  258 
FaralysU,  electricity  a  test  for,  713 
FaniuiHgnetism,  088 


occlusion  power,  289 

Pliancy,  78 

Flucker's  tubes,  544 
-  Pneumatics  defined,  185 
i  Pneumatic  apparatus,  143 
I         trough,  144 

Pneumonia  micrococci,  518 

Podura  scale,  490,  491 

Points,  action  on  electric  machines,  684 


Paraplegia  in  decompression,  treatment    Poisons  dialysed,  299 


of,  211 
Particle  defined,  40 
Pascal's  experiment,  174 

law,  87 

action  of,  in  body,  8!' 
Pfidesis,  608 
Pencil  of  light,  400 
Pendulum,  SfiS 
Penetrating  power,  25-J 
of  objective,  483 

wouods,  66 
Penumbra,  400 
Percussion,  SW 
Perilymph,  87G 
Period  of  vibration,  312 
Periscopic  glasses,  474 
Permanganate  of  potash  spectrum,  648 
Persian  wheel,  118 
Pettenkoffer's  test,  spectrum  of,  550 
Phonautaui;rHph,  -368 
Phonograph,  :t68 


Polarized  illumination,  602 

light,  action  of  magnet  on,  689 
interference  of,  628 
theory  of,  527 
Polarization  by  double  refraction,  525 
by  refiection,  6*24 
by  single  refraction,  626 
projection,  465 
of  electrodes,  6G& 
of  light,  524 
of  sound,  885 
L  Polarizing  appamtua,  626 

mirror,  524 
Poles,  electric,  658 
Fores,  physical,  62 

sensible,  62 
Porosity,  62 
\  Position  defined,  88 
stability  of,  56 
in  animals,  57 
Positive  electricity,  622 
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Poeitive  pole,  6&8 
Posterior  chamber  of  eye,  409 
Potassium  spectrum,  548 
Potential  electric,  666 

energy,  281,  2S8 
Presbyopy,  478 
Preservative  media,  614 
Pressure  and  solubility  of  gss,  190 

effect  on  boiling  point,  691 

equality  of,  in  fluids,  87 

on  bottom  of  a  vessel,  98 

physiological  effects  of.  195 

produces  electricity,  624 
Primary  color  sensations,  442 

current,  constant,  699 
intermittent,  704 

electricity,  668 
Prime  conductor,  625 
Principal  focus,  416,  449 
Prism,  428 

achromatic,  485 

in  spectroscope,  688 

reflecting,  430 
Prismatic  Bpectrum,  480 

chemical  action  in,  43(: 
heat  in,  436 

maxima  of  energies  in,  486 
Projectiles,  trajwctory  of,  268 
Projection  lantern,  464 
Protoplasm,  SOf),  G98 

structures  evolved  from,  48 
Pulley,  276 

wells,  117 
Pulse  glass,  680 
Pulverization,  40 
Pulvermacher's  chain,  658 
Pumps,  121 
Pupil,  469 

Putrefaction,  influence  on  flotation,  04 
Pyroclectricity,  628 
Pyrometers,  Wi6 


QUADRANT,  414 
Quality,  859 


RADIATION,  602 
Radiant  heat  and  cooking,  606 

Radiant  heat,  course  of,  602 
matter,  21ti 

action  on  solids,  228 
best  conditions  for,  218 
course  of  movement,  2*22 
deflected  by  magnet,  224 
exerts  mechanical  action,  224 
interception  of,  228 
pbosgenic  action  of,  221 
produces  heat,  226 

Radiometer,  action  of,  explained,  219 

Railwav  tube,  224 

Bain,  682 


Rainbow,  438 

Rain  water,  96 

Rarefaction  cylinders,  199 

Rarefied  air  and  life,  153 

Rate  of  passage  of  electricity,  644 

Ray,  400 

Real  focus,  417 

Real  images,  411,  462 

Reaumur's  scale,  564 

Kecipn testing  motion,  262 

Rectilinear  motion,  266 

Red  light,  488 

Reed  instruments,  841 

Reflected  illumination,  600 

Reflecting  prism,  430 

Reflection,  laws  of,  408 

of  heat,  602 

of  motion,  262 

of  sound  from  plane  surfaces,  382 
from  curved  surfaces,  883 

total,  426 
'  Refracting  media,  428 
Refraction,  422 

atmospheric,  420 

index  of,  426 

law  of,  427 

of  sound,  384 

power  of,  424 

single  laws  of,  424 
Registering  hygrometer,  586 

thermometers,  566 
.  Reguline  deposits,  606 
Reinforcement  of  sounds,  848,  349 
Relay  battery,  685 
Repose,  247 
Repulsion,  acoustic,  869 

electric,  628 

explained,  686 
Residual  charge,  magnetic,  688 
Resinous  electricity,  622 
Resistance  box,  680 
Resolving  power  of  objective,  483 
Resonance,  349,  860 

box.  357 
Resonators,  360,  861 
Respiration,  action  on  air,  618 

physics  of,  310 
Resuscitation  by  electricity,  712 
Retaining  siphon,  120 
Retina,  469 
Rheocord,  696 
Kh6om6tre,  679 
Rheostats,  680 
!  Rheotrope,  696 
Rhinoscope,  421 
Rigor  mortis,  76 
King  cells,  610 

diaphragm,  498 
,  Roasting  606 
Uolling  friction,  276 
Root  tips,  805 
'  Rope  pump,  118 
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Rotation,  265 

Rottttory  polarization,  theory  of,  •ifi'i 

power  of  liquids,  534 
Rubber,  electric,  C25 
Rubidium,  epectruiu  of,  M" 
Ruby  tube,  221 
Hupert'E  dropa,  73 


SACCHARIMETERS,  584 
Saccule,  376 
Salicylic  acid,  solution  of,  614 
Salimeter,  102 
Saline  waters,  96 
Salt  water,  flotation  power  of,  94 
Sanctorio's  tliermo meter,  561 
Sand-glaae,  258 
Sap,  movement  in  trees,  303 
Satellites,  885 
Saturation,  291 
Savart's  wheel,  352 
Scales  in  spectroscope,  689 

ther  mo  metric,  564 
Scalpels,  273 
Scattered  light,  409 
Sehizomycetes,  515 
Sclerotic,  467 

Screw,  an  inclined  plane,  274 
Screws,  drunkenness  of,  276 
Scud.  582 

Seasickness,  cause  of,  -'ii 
Sen  water,  j;ases  in,  213 

waves,  112 
Secondary  nxes  of  lenses,  451 

coj1,"g91 

conductor,  (129 

current,  704 
Seclion  cutlint;  for  microscope,  Tilii 
Sediments,  trunsforancc  of,  lOl.' 
Seeds,  gertninalioii  of,  204 
Sclcnite  lilms,  ■'J2!) 
Semicircular  cannh.  376 
Sensitive  flames,  ;J4:i 
Septicaemia  biicill],  olH 
Sequoia  \Vi.'llingi.inia,  304 
SewBfje,  96,  110 

dispoMil  of,  111 

in  houses,  129 

leakae;e,  osmosis  of,  301 

utiliKiition  of,  133 
Sextant,  414 
Sluidi>w,  ■100 
SlieitrinL;,  75 
Sbcave*,  276 
Sheet  litililTiinE,  (14'.' 
Shellac  cement,  242 
Shoals,  110 
Short  circuit,  681 
Shunt,  6eO 

Sick  rooms,  ventilation  of,  iilo 
Silt,  110 
SiUirus,  696 


Silvering,  666 
'  Simple  diffusion,  292 

electric  cell,  654 

microscope,  478 
,  Singing  flame,  342 
Single  vibration,  312 
Siphon, 119 

barometer,  177 
[  Siren,  853 
Skin,  moisture  exhaled  from,  588 

Bensibility  of,  713 
Slides  for  microscope,  609 
Sliding  friction,  276 
Slit  for  epectruscope,  637 
Smee's  battery,  657 
Snow,  688 

Soapstone  in  stoves,  802 
Society,  screw  of,  microscope,  -'93 
Sodium  chloride,  decomposition  of,  >J64 

spectrum,  542 
Solar  action,  enei^y  of,  383 

microscope,  462 

spectrum,  645 

lines  aa  a  scale,  '>47 
Soldering,  243 
Soleil's  saccharimeter,  686 
Solenoids,  686 
Solid  and  gas,  adhesion  of,  245 

and  liquid,  adhesion  of,  243 
SolidiScation,  laws  of,  570 
Solid  matter,  64 

in  urine,  estimation  of,  102 
Solids,  adhesion  of,  240 

changed  by  radiant  matter,  223 

density  of,  »i6 

divided  do  not  reunite,  70 

fixity  of  forms,  05 

hyjiothetical  constitution  of,  80 

resist  compression,  (16 
Solution,  290,  291 

explained,  244 
Solvent,  245 
Song, 370 
Sctnometer,  336 
Sonorous  bodies,  835 
Sound,  anaKv.er,  364 

analysis'  of,  360 

conduction  of,  ;J26 

dissipation  of,  3'2>j 

from  inanimate  nature,  320 

general  propwrties  of,  319 

increase  in  intensity,  ;i48 

intensity  of,  346 

interference  of,  351 

lenpth  of  wave,  in  air,  360 

origin  of,  320 

phases,  317 

polarization  of,  335 

pnipugation  of,  323,  324 

reinforcement  of,  348 

reflection  from  plane  surfaces,  332 
from  curved  surfaces,  333 
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Sound,  refraction  of,  334 
special  properties  of,  346 
syntbesia  of,  864 
transmiEsion  of,  in  tubes,  817 
velocity  of,  id  gaa,  829 
in  liquids,  830 
in  Kolids,  381 
Sounder,  electric,  686 
Sounding  tube,  341 
Sound  waves,  characters  of,  359 
lenRth  of,  371 
reflection  of,  818 
Soups,  preparation  of,  594 
Sources  of  light,  379 
Space,  88 

unit  of,  251 
Spark,  electric,  fiilO 
Specific  gravity,  GO 
liottle,  83 

of  bodies  lighter  than  water,  C6 
of  liquids,  83,  84 
of  solids,  09 
of  soluble  bodies,  >i8 
of  powders,  68 
volumetric  method,  H7 
heat,  567 

determination  of,  ^>*>'> 
Spectacles,  474 

Spectra  of  stars  and  planet«,  88o 
Spectroscope,  586 
Spectrum,  430 
analysis,  542 
colors,  482 
projection,  405 
Speech,  872 

Spherical  aberration,  419,  4.'>3,  478 
Spherical  lenses,  forms  of,  446 

parts  of,  445 
Spheroidal  state,  65 

of  liquids,  '>93 
Spfaygmograph,  llu 
Sphygmophone,  116 
Spiral  canal,  376 
Spirilla,  517 
Spirit-level,  99 
Spongy  iron, 287 
Sprengel's  air-pump,  158 
Springs,  superficial  and  deep,  96 
Staining  microscope  objecls,  613 
Stage  of  microsrope,  495 
Stanhope's  eyepiece,  493 

lens,  479 
Stapes,  375 
Stars,  385 

Sutic  electricity,  098 
Stave,  850 
Steam  engines,  678,  WO 

exhaust  for  filtration,  286 
gauge,  189 
furnaces,  IMS 
pipes,  warming  by,  618 
Stellar  spectra,  547 


Stereoscope,  476 

Stethoscope,  827 

Still,  684 

Stomata,  805 

Slope,  464,  458 

Stoves,  vitiation  of  air  by,  802 

warming  by,  617 
Strangulated  hernia,  reduction  of,  208 
Stratus,  582 
Stream,  form  of  falling,  108 

from  lateral  opening.  106 

from  vertical  opening,  106 
Strontium,  spectrum  of,  548 
Student  lamp,  395 
Stupor  from  cold,  612 
Subdivision,  by  solution,  40 

chemical,  41 

mechanical,  89 
Subdivisions  of  energy,  287 
Sub-stage  of  microscope,  499 
Suckers,  169 

and  animal  life,  161 
Sulphuretted  hydrogen.  111 
Sun,  382 

Sunlight  illumination,  502 
Surface  influence  on  radiation  of  heat, 
603 

tension  of  liquids,  281 
Swimming  bladder,  compression  of,  212 

of  flshes,  92 
Sympathetic  vibrations,  848 
Synthesis,  434 

of  sounds,  860,  364 


TAMTAM  metal,  72 
Telegraph,  685 
Telephone,  694 
Telescope,  421,519 

in  spectroscope,  689 
Temperature  and  dew  point,  586 

effect  on  solution,  246 

of  body  and  vaporization,  608 

remarkable,  566 
Tempering,  72 
Tenacity,  76 
Tension  of  oxygen,  196 
Tents,  hygienic  advanlages  of,  301 
Terrestrial  telescope,  519 
Testing  objectives,  488 
Textile  fabrics,  conduction  power  nf,  for 

heat,  698 
Tballium,  spectrum  of,  548 
Theories  of  light,  879 
Thermal  unit,  669 
Thermoelectricity,  667 
Thermoelectric  series,  668 
Thermometer,  661 
Thermometric  scales,  568 
Thermopile,  668 

Thin  films  and  polarized  light,  529 
Thomson's  galvanometer,  680 
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Thunder.  170,  649 
Timbre,  309 
Time,  36 

unit  of,  251 
Tin.  lined  lead  pipes,  129 
Tissues  and  oxygen,  2(W 
Toepler-Hollz  electric  machine,  648 
Tolle's  amplifyer,  494 
Tone.  852 

vibrations  of,  867 
Torpedo,  696 
Torricelli's  experiment,  172 

theorem  of,  105 

vacuum,  178 
Torsion,  75 

electrometer,  632 
Tourmaline,  526 

pincette,  539 
Trajectory,  249 

of  projectiles,  258 
Transformation  of  energy,  283 
Translatory  molecular  motion,  27? 
Translucent  bodies,  899 
Transmigration  of  matter,  54 
Traneparency,  79 
Transparent  bodies,  color  of,  489 

media,  S98 

mirror,  4iri 
Transpiration,  290 
Transverse  vibration,  313 
Treble  stave,  3.',7 
Trees,  nscent  of  sap  in,  o03 
TriaMglo,  musicftl,  33^ 
Trituration,  40 

Trunk,  electricity  apjilied  toimiFclw, 
Tubercle  bscilli,  ")17 
Tube  receiver,  !4"i 

rheostats,  (iSl 
Tubes,  calibering  of,  W2 

inclined,  movements  "f  liuids  in, 
Ttining-fork,  .138 

in  opera  houses,  3'i7 
Turbine,  12(1 
Twilight.  400,  4L»7 
Tympimic  cavitv,  .374 
Tynipaniti^i,  ;>09 
Tvndiill's  brttterv,  G-'iO 


7 T  LT R  A-G ASEOUS  state, -J^i; 

U      Utlra-vinlet  spectrum,  54'l 
Undulation,  snipiiic   representation 
315,  3I(J 

in  spHce,  Hli'. 

in  tubes,  317 

relation  to  vibration,  SIi; 
Undulatory  theory,  380 
I'ndcrslioi  wiiiLT  wlioels,  l:ii; 
Unijueiit.-,  liTii 
Uniiisial  crystals,  '.i^l 
Unit  of  spaci.',  251 

of  time.  251 


Unit  of  weight,  252 
Urino  meter,  101 

rules  for  reading,  101,  102 
Utricle,  376 


VACUUM,  153 
hy  chemical  agents,  IHo 
electric  dischai^  in,  628 
imperfectioQ  o^  45 
limit  of,  155 
Torricellian,  178 
tube,  226 
ValvoB,  121 
Vane,  electric,  629 
,  Vapor,  189 

defined,  189 
difi'uaion  of,  295 
elastic  force  of,  678 
infltantaneouB  (vindensability  of,  579 
of  water,  tension  of,  692 
properties  of,  674 
supply  of,  to  rooms,  619 
temperature  of  formation  of,  573 
Vaporization,  673 

a  cooling  process,  675 
causes  influencing,  674 
Velocities,  table  of,  248 
I  Velocity,  247 

of  sound  in  gases,  329 
in  liquids,  330 
in  solids,  331 
Vena  contracta,  106 
Venomous  serpents,  bites  of,  163 
70',t    Ventilation,  object  of,  614 
of  sewage  pipes,  131 
Ventriloquism,  373 

Vertical  illumination  through  objective, 
602 
ion    Vestibule,  37fi 

Vibrating  columns  of  air,  340 
plates  and  bells,  338 
rods,  .137 
Vibrations,  amplitude  of,  382 
described,  311 
illustrated,  325 
limits  of  perception  of,  365 
red  light,  381 
sympathetic,  343 
to  a  tone,  357 
violet  light,  381 
of.    Vibriones,  517 

Vibrios,  first  appearance  of,  213 
Viiiometer,  102 
Virtual  focus,  417 

of  lena,  450 
Virtual  images,  411 

bv  conves  lens,  452 
Viscosity, '84 
Viscous  liquids,  86 
Vision,  466 

binocular,  47'i 
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Visual  angle,  470 

distance,  472 

focus,  4&6 
Vitreous  electricity,  622 

bumor,  468 
Vocal  chords,  371 
Voice,  370 
Volt,  659 
Voltaic  decompositions,  662 

electricity,  origin  of,  6t'>S 
Voltameter,  66S 
Volta's  electric  pile,  658 
Volume,  change  of,  in  fusing  and  solidi- 
fying, 670 

unit  of,  262 

variation  in  liquids,  88 
in  solids,  60 
Vortex  atoms,  237 

rings,  61 

structure  of,  68 
Vowels,  372 


WALKER'S  battery,  657 
Warming  of  houses,  01") 
"Washing  bottle,  149 
Waste  pipes,  100 
Water;  conveying  and  storing,  127 

decompusition  of,  062 

development  of  power  from,  125 

expansion  of,  in  freezing,  571 

hammer,  171,  581 

pipes,  128 

auperUcial,  96 

transmission  of  impulse,  261 

transporting  power  of,  110 

traps,  130 

valve  exhaustion,  187 

valvular  apparatus  for  raisinfT)  121 

velocity  in  open  channels,  110 

waves  in,  112 

wheels,  126 
Waves,  formation  of,  112 

height  of,  113 

length  of,  113 

length  of  fipectruni  lines,  546 


,  Waves,  molecular  formation  of,  815 
reflection  and  interference,  818 
Wax  candles,  396 
Weather  and  barometer,  181 
,         strips,  619 
I  Weber,  669 
Wedge,  itB  action,  278 
Weighing,  58 
I         method  by  double,  60 
;  Weight,  56 

unit  of,  252 
Weights,  58 

attachment  in  drowning,  94 
Welding,  74 
Wells,  95 

and  sewage,  96 
artesian,  96 
first  form  of,  117 
Wheatstone'a  bridge,  681 
rheostat,  680 
'  Wheel  and  axle,  271 
I         barometer,  178 
Whirling  Uble,  267 
I  Whisper,  373 
I  White  corpuscles,  194 
I  Wide  angle  objective,  482 
I  Wiedemann's  boussole,  C80 
!  Wind,  558 

and  barometer,  181 
[Windmill,  191 
Wollaston's  battery,  057 
'  Wood-cells,  circulation  in,  304 
I  Work,  British  unit  of,  255 
I         French  unit  of,  255 
Working  distance  of  objective,  488 
Worm  of  still,  584 

TELLOW  light,  488 


ZAMBONI'S  battery,  650 
Zero,  displacement  of,  565 
j  Zig-zag  lightning,  649 
j  Zinc,  amaTgamatlon  of,  654 
'  Zirconium  light,  889 
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In  thus  b«onRiing  the  tneditim  of  rommnnintinn  Iwtwccn  the  two  nations  diBtlngiiisbed 
Above  all  othert  by  the  praninil  chararter  of  their  iaiinra,  TitK  JorRHAL  undoiiljt- 
«dl7  fimns  the  moat  efficient  factor  in  medifal  fntjtm  whiih  the  world  han  yet  seen. 
Already  lliis  geoMOia  i|ilrit  of  rivalry  baa  proved  that  the  amide  epaee  devoted  to 
Orifintd  ArtieUa  will  oootioue  to  be  HUed  w\vVl  a  «er\<»  (A  cM>Dli,iv\K>3ttn)i.  uu 
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But  it  IB  not  only  in  the  Origiwd  Departmmt  that  the  Joitrhal  of  the  fiitnre  will  seek 
to  eclipse  all  ita  efforts  ia  the  past.  The  mass  of  contributions  to  medical  literature  and 
Bdence  increases  with  such  rapidity,  that  if  the  reader  is  to  keep  abreast  with  them 
the  matter  must  be  carefully  gifted,  and  arranged  bo  as  to  enable  him  to  grasp  it 
underatandingly  with  the  least  poesiDle  expenditure  of  time.  In  the  Sibliographual 
Departm^rU,  therefore,  eeparate  reviews  are  devoted  only  to  works  of  exceptional 
importance.  Ae  a  rule,  new  books  are  considered  in  groups  of  c(^[Date  subjects,  the 
reviewer  setting  forth  tersely  the  merits  of  the  individual  volumes  with  a  condensed 
statement  of  the  views  of  the  authors.  In  this  manner  the  reader  is  kept  advised  of 
the  products  of  the  press  in  the  most  convenient  manner. 

A  similar  plan  is  adopted  in  the  Quart^ly  Sumtnarv  of  Progrett.  The  varioos 
branches  of  medii^  science  have  been  assi^ed  to  the  foiiowing  gentlemen,  who  will 
fiimiah  well-digested  ritumit  of  progress,  paying  special  attention  to  clinical  application: 
Anatomy,  George  D.  Thane,  M.R.C.S.;  Physiology,  Gerald  F.  Yeo-M-D.;  Materia 
Medica,  Therapeutics  and  Pharmacoltwy,  Roberts  Bartholow,  M.  D.,  LL.  D. ;  Medicine, 
AVilliam  Osier,  M.D.;  Surgery,  in  America,  Lewis  A.  Stimaon,  M.  D.;  in  Europe,  Frederick 
Treves,  F.  R.  C.  S.;  Ophthalmology,  Charles  S.  Bull,  M.  D. ;  Otol(wy,  Charles  H.  Burnett, 
M.  D.;  Laryngology,  J.  Solis  Cohen,  M.  D.;  Dermatolc^,  Louis  A.  Kinring,  M.  D.,  and  H. 
W.  Stelwagon,M.D.;  MldwiferyandGyn»coloKy,  Francis  H.ChampneTB,M.B.,F.K.C.  P.; 
Jurispnidence,  Matthew  Hay,  M.D.;  Public  Health,  Shirley  F.  Murphy,  M.  E.  C.S. 

The  publisheia  feel  an  honest  pride  in  thus  being  the  means  of  bringine  together  the 
professions  of  the  two  great  English  speaking  peoples,  and  in  laying  before  them  a  period- 
ical which  must  be  umversally  recognized  as  marking  a  new  era  in  medical  pmgreaa 
Believing  that  it  will  be  regu-ded  as  indispensable  by  all  intelligent  physicians  on  both 
sides  of  the  Atlantic,  they  feel  themselves  warranted,  by  the  expectation  of  a  large  in- 
crease in  circulation,  in  maintaiainK  the  present  very  moderate  subscription  price,  not- 
withstanding the  greatly  augmentea  expenditure  entailed  by  the  change. 

The  JooRNAL  will  continue  to  be  published  quarterly,  as  heretofore,  on  the  firet  of 
January,  April,  July  and  October. 

Frioe,  FIVE  DOLLABS  Per  Annum,  in  Advance. 
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A  National  Weekly  Periodical,  containing  28  to  33  Quarto  Pages 

ill  Each  Issue. 

The  continually  increasing  apprwiation  of  The  Medical  News  by  the  profession 
throughout  the  (.■ouiitry,  is  a  most  (jralifyitifi  ren)gnition  of  the  tmlicv  pursue*!  by  the 
niiiiiiigers  of  this  journal  in  their  unceasing  cfiurts  to  enhance  its  value  to  the  prac- 
titioner. 

I'orisesaing  a  most  efficient  orgnnization  The  Xews  unites  the  beet  features  of  the 
mediciil  magazine  and  newE|>aper.  Its  large  and  able  Editorial  Staff  discusses  in  each 
issue  the  iitiiKirlnnt  topics  ol'  the  day  in  a  thoughtftd  and  scholarly  manner,  while  its 
corps  of  qiialifie<i  re|xirlerB  and  correspondents,  covering  every  medical  centre,  insures 
that  its  rea<!ere  shall  be  promptly  and  thoroughly  posted  upon  all  matters  of  interest  in 
the  worid  of  medicine.  On  account  of  the  position  conceded  to  The  News,  it  has  become 
the  medium  chosen  by  the  leading  minds  of  the  profession  for  the  publication  of  their 
most  itn]virtant  contributions  to  medical  science.  The  valuable  instruction  aflbrded  in 
Clinical  Leoinrei,  and  the  rich  exiierience  gained  in  the  leading  Ilnijpitals  of  the  world 
are  constantly  laid  before  the  readers  of  The  News,  while  prompt  and  authentic  reports 
of  Society  i'roceodiugs  are  rec-eived  fmm  special  reporters  in  various  sections  of  the 
ctmntry  by  mail  and  Telegraph.  In  the  pages  devoted  to  the  progress  of  Medical  Science 
are  loDud  early  notes  of  all  imporlant  advances,  gleaned  from  the  principal  journals 
of  iKiih  licniisphcres.  Ample  space  is  devoted  to  Keviews,  News  items.  Correspondence 
and  \oies  and  Queries  In  short,  every  branch  of  medicine  is  ade<)uately  represented  in 
The  Neivfl.  and  ibe  details  of  plan  ami  ty|K)grapliy  have  been  carefully  studietl  in  order 
to  economize  the  lime  and  secure  the  comfort  of  the  reader  in  every  possible  way. 
Price,  FIVE  DOLLABS  Per  Annum,  in  Advance. 

COMMUTATION   RATE. 

To  subscribers  paying  in  advance  for  1887  : — 
American  Journal  OF  THE  ilEDicAL  SciE>XES  (quarterly)!  To  one  address  for  $9.00 
The  Medical  Neiv8  {weekly)  J      per  annum. 

SPECIAL  OPPERS. 

Adtftnce-  paying  BubBCTV\)er8  to  e'wUet  m  \!ni\,\\  ol  Wa  T&v>\«-wuc«d  ^riodicals  may  take 
advantaire  of  anv  one  of  tb*-  '""""Vngofiftr*-- 

z*!  1     Ttii.-   VlfT^ii'iT  ti'SO  "V.^ST  tot  \m"  ,  doled,  wJAv-a  \av  T» -^KiKiSfcVftx 

week*  (i  volO,   or^Sr  l^  -^-^  -  ^-  ^^  ^^^-^  ^^  ^^^"^^  ^  -*»^ 


Lba  aS^nmSr< 


'r 


lUOATKII 


(l>«r|Nfiit«1,  1  vol.),  will  \<*i  M^nl  iHwt-paid  «n  n-rqipt  ofTS  cteU  ptr  toIuiim)  (n«tilar 
price  $I.:^t).  (2).  Tnit  Ycak-Buok  or  TuKAijuurr  f»r  18S6  will  m  wnt  on  rocoiM  of 
th  rvDU  (rwilnr  price  tl.'J'^),  (3).  An  lulntnc*  triuilt«iM-c  of  $IU  will  pMnin-  fUE 
'  News  ami  Thk  JociWAI.  Kt  onv  jfwir,  lijgelhvr  with  any  ono  valunic  of  Tjik  NIuiical 
[l^Eins  VoiTUfO  List  ai»il  Tiir  Yrah-Booic  of  TiitATUUNT  for  l^'^o,  m  oirvreij  aUive. 
'SatMqueot  TolumemfTiir.  Mk^iitai,  News  VrsrriNu  l,l^1;  maj  hf  imKurtil  l>v  ndmuf*- 
jtaring  nitwcribeni  fur  l.'i  cmu  ««di  (nugulM  priv*  ^ViA}.  Tbumb-lcttor  lodn  for 
'>qulck  uae,  35  wnto  BcIdiUutuU. 


^ 


SuftMriiKrji  ran  obliiiii.  at  UU  elote  of  txtett  Kolumc,  c/oUh  eofvrM  Jor  TUT  JoVrjcaL  (om 
a»ntiaUy),  and  for  Thk  Xkiiv-h  (ow  itmnHoliy),  frt«  bif  mail,  by  remiUiiu)  Tet  CntU  far  A* 
JotnutAL  wttT,  oiui  FifUen  OenU  for  At  Kkwb  eseer. 


IV  Th«  nf«»t  mrale  of  motttaEire  U  b/  bank  diedc  or  portal  moiwv  order,  dnwo  to 
tbt  order  of  the  undcnigneil;  vhen  ihewtreDut  icctaMble,  retnitUDoes  fbr  Bonoriplku 

IBmj  be  Mnt  at  th«  risk  irf  the  publishen  b;  f<nininliog  in  rtffittertd  Ulten.    A<ldrMi^ 
L£A  imOTUEKS  &  CO.,  706  rimI  709  Buwom  Sucel,  Phii^dixphia. 
: 
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THS  MICDICAL  JTEWS  VISITING  LIST  FOR  1887. 

Goabtining  (MvnAtr  tut  Iwo  jean.  ril)iil(<<rii:  ilitigninii'.  ^hrtuc  of  pi-nlUion.  TsMm 
weiffhta  and  uiVMurtM  nod  a>Ri|MiratIvtt  scnlva.  Ituttruvlii^ni  for  cxamtniiig  the  uriii«. 
<Xin  of  dkinfecUnla.  TM«  of  «ni^ilv«  f«v<>t«.  Lima  »f  nrw  roiDnlito  arid  remcdiea 
-not  ^nentUy  iwed,  iDcnniimtibleii,  I^iimmm .nnil  Aiili'l<<(<^.  Artifii~i:il  n^iiinition.  l^ilile  ot 
4cMB,  pr«p>r«d  lo  ucord  wUb  lh«  Inrt  rCTiniKn  vf  the  U.  W.  Phiiriiiii'X>|«eiii,  an  exiended 
table  nf  Difleawe  and  their  r«mf<lir«,  and  directions  fnr  Ligatl«m  of  Aiterlea,  lUankii 
Ibr  alt  reotinlii  nf  praelicu  and  Kraitalilc  tnlilct.  Handi>uDi«ljr  butiiul  in  liixi|i  Munmniy  with 
tuck,  pencil,  rubber  and  culheter  ncalfl.    Skonly. 

In  r«potu«  lA  niimerooi  t«quMi«,  Tint  MEnirAL  Nkws  Vtstmo  List  for  IfiS7  will 
beiwufld  in  luur  vtvlvii,  vix. :  I>nt«d,  forSO  pAllcntH  {wr  witiL,  I  rnl. ;  ilali,<al,  fur  00  |Nilleul«^ 
S  volg.;  dated,  for  90  patient*,  H  vuU.-,  iindatutl  { gn'^riH-tiiul),  1  vol.  Price  per  voliimi^ 
tLSA.  Aim,  flimUhed  with  Rend j' Ib-fcrenco  Thuni1>.U!Ucr  Index  (or  2(i  ccnU  aiUlitlonal. 
Far  ■|>ecial  oAen,  indiidlng  VmiTWO  LlKr,  •»«  «buT«. 


TUB  MEDICAL  NEWS  VHT8IC I  Alls'  LBDOKB, 

ConUinhig  400  pngM  of  linv  linen  "  ledror  "  pa|ivr,  nilvd  to  that  all  ihv  iicn^nts  uf  a 
lain  imi^it'e  moj  m  ooovenicnily  kept  in  it,  eiliier  by  sin^lu  or  double  riiiry,  fur  a  long 
panMl.  iStnmttlr  hoond  in  looibor,  wild  riotb  »idc*,  and  with  a  patnU  flexible  hack, 
whicJi  [ivnniUi  it  to  lie  pcrfectlir  flnl  wht-n  niiened  at  nnv  jihtce.  Prk-e,  (VOO.  Abo, 
a  Nioall  Niwciiil  Iv>t  of  miuu  Ludgcr,  wtlh  300  |Migca.    Priccy  ^.00. 

habtshornt:,  henrt,  a.  jit,  m.  d.,  ll.  d., 

A.  ConniectUB  of  iha  Kedioal  SoienceB ;  t!onUining  Handbooks  nn  Anaioin]r, 
Ph^iolofCT,  Cnemiiiti;,  Materia  Hedica,  Pnu.Hti'e  i>f  Medicine,  HatifOty  am)  OtMtelrtift. 
Setvnd  edition,  thoniasbly  revived  and  grv^ntl;  iint>ruwed.  In  uoe  larice  ruyid  l!2nio. 
Tolomeaf  10S8pRfH^irith477  lUiutratiooA.    Cloth,K2a;  leather, $S.OO. 

hidaatnr  aod  MierRjr  ef  Us  able  adUor.^&ttoa 


Tb*  ol^eetef  tbtanaDaal  lain  affbrflacDnf«D< 
laat  werit  «f  nhnam  to  ■ladvat*  durlnn  ih«  br1*[ 
momanlaal  tlMlr  MramBad  irhl1«  In  AttMidance 
apaf  nadleai  IwDuva.  Ii  l*  a  ftTomtil"  alKn  iiiai 
It  ha*  b«m  tonad  a>c»»— ry.  In  a  ■liwl  >pw«  uf 
ttai«.tolH«aaB«WBBiJ«ar«(U]ly  nTiHd  edlUoa. 
Tba  lllualfalloaB  ara  T«ry  aumFroua  aad  anum- 
atif  ckv,  and  aaeh  tan  Memo  lo  ham  r*e*l*«d 
U*  ilui^  iharaef  aUaauan.  Waoaa  coaoeire  aix-h 
a  w->ik  Ic  t>*  luefQt.  aot  only  w  ■mdvnto,  boi  w 
lirwciIiUiuen  a>  wnlf.   tl  rellecta  oraitll  U|M)n  the 


JfortMof aiU  MwrvMTnMinMt.  lt*K  ^  >ST1. 

Wa  csn  M7  wtib  (be  atiirtipil  triiUi  thai  II  U  ths 
IwFi  work  ef  Iti*  h>ti4  •Itli  kIiIcIi  ««  am  «»- 
qiialnted.  Il  (Mabndia*  tn  a  canilrn>n4  form  aJI 
r«Q«nt  coutttbuUoai  l«  pcaMltal  luiNllatDV,  uid  la 
IberaruraUMAtlloetarybunrpcaoUtlOMrtltroucb- 
out  Mir  euamrr.  batldaa  befnji  admlnbly  adapJM 
to  Ui*  na*  of  nnilMila  ot  medlolna.  Tb*  hook  U 
faitbtuity  and  ablv  oxeeutvd.— Ctariwlm  ITfdlMl 

jrjHiM/.  A)i«ii,  inft. 


msiLL,  JOHN,  M.  n.,  and  SMITH,  f.  G.,  M.  />., 

£«(«  Arytow  lo  (^4  r<'tM.  HcupiliU.  J'rvf.  of  iSt  JmUlvU*  of  Mtd.  Mi  M4  (Jritv.  of  f^tna. 

An  Analytical  CompoDdium  of  the  Various  Branches  of  HodiciU 
Science,  for  the  uu  and  examination  of  Htudenta.  A  u«w  e<lition,  reri»e<l  and  impmred. 
In  na«  Urge  rujal  ISmo.  voliinwof  KXlpagw,  with  374  woodcuta.   Cloth,  ^;  leather,  ^76. 
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LUDLOW,  J,  L,f  Jf.  JDa, 

A  SCaniml  of  ExaminatlonB  npon  Anatomy,  Ph^dDlqnr,  aurgny,  Pnetim  of 

Uadifiiic-,  UUletrica,  Miiteria  Mcdica,  rhemi«lr}',  Phanuac/  nnd  TliAnipHilica.    To  which 

tiidded  n  Mediral  ForniiiUry.     3d  edition,  thoruugbl?  reviwal,  and  greatly  vnlarjie'l.     Id 

OM  12mD.  toIuum  of  tild  pagea,  with  870  iUuatnUona.    C\<A\v,^^'.'V«0^ 

Tb«  anaiuienieNt  of  thia  volume  in  the  fonn  'A,  c^uvsAunv  acA 

tMfy  loflable  for  lb«  office  examination  nf  Audente,  uul  Vit  xWym  < 
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nUJfGLISOJf,  ItOBLET,  M.D., 

Lata  Profmor  oflnttituta  of  Madicine  in  (A«  Jtffertfm  Mtdical  OoUtge  of  Pkilad^lphia. 

U£BICAIi  LEXICON ;  A  Dictionazy  of  Medical  Soience :  Conuiniiii 
a  concine  Explanation  uf  the  various  Subjects  and  Terms  of  Anatomy,  PhTaioloxr,  Pathol- 
ogy,  Hygiene,  Therapeutics,  Pharmacology,  Phanuacy,  Surgery,  Obetctrics,  Meajod  Janh 
prudence  and  Dentistry,  Notices  of  Climate  and  of  Mineral  Waters,  Formulce  for  Officiaal, 
Empirical  and  Dietetic  Preparations,  with  the  Accentuation  and  Etymolcwy  of  the  Tentm, 
and  the  French  and  other  Synonymes,  so  as  to  constitute  a  French  as  w^  as  an  Fngli^l) 
Medical  lexicon.  Edited  by  KicHARD  J.  DuKOUSON,  M.D.  In  one  very  la^eand 
handsome  royal  octavo  volume  oi  1139  pafes.  Cloth,  $6.50;  leather,  raised  bands,  97.50; 
very  handsome  half  Riieeia,  raised  bandc^  $8. 

The  object  of  the  author,  from  the  outset,  has  not  been  to  make  the  work  a  merelezi- 
oon  or  dictionary  of  terms,  but  to  afiord  under  each  word  a  condensed  vieir  of  its  Tarkm 
medical  relations,  and  thus  to  render  the  work  an  epitome  of  the  existing  condition  (4 
mediqal  science.  Starting  with  this  view,  the  immense  demand  which  has  existed  for  tlit 
work  lias  enabled  him,  in  repeated  revisions,  to  augment  its  completeoeeB  and  iisefulnai^ 
until  at  length  it  has  attainw  the  position  of  a  reoognixed  and  standard  authority  wherever 
the  language  is  B^ken.  Special  pains  have  been  taken  in  the  preparation  of  the  present 
edition  to  maintain  this  enviable  reputation.  The  additions  to  the  vocaJiulary  are  moit 
numerous  than  in  any  nrevious  revision,  and  particular  attention  has  been  bestowed  on  the 
accentuation,  which  will  be  found  marked  on  every  word.  The  typographical  arrangement 
has  been  greatly  improved,  rendering  reference  much  more  ea^,  and  every  care  has  been 
taken  with  the  mechanical  execution.  The  volume  now  contains  the  matter  of  at  IcMt 
four  ordinary  octavos. 

pMMd  away,  probably  all  of  as  reared  l«rt  Uie  book 
should  not  maintain  Its  place  In  the  adTsneinc 
science  whoM  terms  ft  deOn«s.  ForMn^hr,  Dr. 
Richard  J.  DanKllsoD,haTlaguBUted  blaMKerla 
the  revision  of  aeveral  editions  of  the  work,  and 
havlnK  been,  therefore,  train*d  In  the  meuiadi 
and  imbued  with  the  spirit  of  the  book,  biw  been 
able  to  edit  It  as  a  work  of  the  kind  should  be 
edited— to  cany  It  on  steadily,  without  jw-  or  InMf 
rnption,  aloDK  the  Kroovee  of  thooKht  It  baa  tnr- 
elted  during  its  IlfeXioie.  To  show  the  ma^lnde 
of  the  task  which  Dr.  Duagllson  has  asxumml  sod 
carried  through.  It  I?  only  necefii'ary  to  alaw  tbat 
more'than  six  thousand  new  niibjnctR  haTp  be«i> 


About  the  first  book  pnrehaaed  by  the  medical 
student  is  the  Medical  Dictionary.  The  lexicon 
explanatory  of  technical  terms  Is  simply  a  line  qua 
nun.  In  a  sclpnee  so  extensive  and  with  such  col- 
laterals as  medicine,  It  is  as  much  a  necessi^  also 
to  the  pmctlsiDg  physician.  To  meet  the  wants  of 
students  and  most  ptiyelelans  the  dictionary  most 
be  condensed  while  comprehensive,  and  practical 
while  persnlcacious.  It  was  becauae  Dungllaon's 
met  these  Indications  that  it  became  at  once  the 
dietloDary  of  ft^ncrat  use  wherever  medicine  was 
studied  In  tlie  English  lanKuage.  In  no  former 
reTJuion  have  the  alt(<ration.i  and  addiDons  been 
so  fcreal.    Tho  chief  terms  hare  been  sot  in  black 


letter,  white  the  Jeriratives  follow  In  anial]  capx;  ,  added  In  the  prSHe  at  edition. — Phiiaileiplita  Jltdteal 
anarranKement  whiHiKreBlly  facilitates  reference.  |  riincn,  Jan.  ft,  1574. 
— Ciiimiiinfi  Lnnrfi  nmftViTiif,  Jan.  10, 1H71.  ;      It  has  the  rare  merit  thatit certain 

A  hook  of  which  ercry  American  ought  to  be    in  the  EnKtish  languaKeforacoutsoy 
proud.     When   (he   learned  author  of   the  work  1  references.— London  Jfcdteni  OatttU. 


HOBLYX,  JilCHAIiD  D.,  3f.  J?. 

A  Dictionary  of  the  Terms  Used  in  Medicine  and  the  C!oUsteral 
Sciences.  Revised,  with  numerous  ailiiitions,  by  Isaac  Hays,  M.  D.,  late  editor  of 
The  Americ'.in  •Journal  of  the  Me(li<.';il  Sciences.  In  one  large  royal  I2mo.  volume  of  520 
double-columned  jwiRes.     Cbith,  $1.50;  leather,  $2.0(1 

It  is  the  bvsl  book  of  deflnilions  we  hare,  and  ought  always  to  be  upon  the  student's  table. — SimtKmi 
Utilieal  unil  Hargteal  Jtiuriial. 

STUBENTS*  SERIES  OF  MAIHIAZS. 

A  Series  of  Fifteen  Munuids,  for  the  use  of  Students  and  Practitioners  of  Medicine 
and  Surgery,  written  by  eminent  Teachers  or  Examiners,  and  issued  in  |tocket-«ie 
l*2mo.  volumes  of  300-54(t  pajtes,  richly  illustrale<i  and  at  a  low  price.  The  following  vol- 
umes are  now  ready:  TREViii'  Manual  of  Hurgery,  by  various  writers,  in  three  volumes; 
Bell's  CojuixtrulU'e  Phyitiuloyy  and  Anatomy,  Coitld's  Surtfieai  Diagnogit,  RoB£aT90S'8 
PhyMiAoijirul  Phyxici*,  liBUCE'a  Materia  Meiliea.  and  Therapevtict,  PoWER'a  Jfuman  Pkyii' 
otoijy,  (.'larkk  uiid  Lockwood's  DixseflorJ  Manual,  Halfe's  (Xinieal  C^emintry,  Trevk" 
Siinjical  Aiiiilkd  Aunlomy,  Vepper's Suryif(d  Palholotty,  and  Klein's  ElemenU  of  Hinlology. 
Tho  fiillowing  are  in  [iress:  Hellamy's  Operative  Siirgtry,  PefPER's  Foremiic  Medicine, 
and  (.'uRNOw's  Medical  AppVu^d  Aiutlomy.      For  s0)i:ir.tle  notices  see  index  on  last  page. 


SERIES  OF  CLINICAL  MANUALS, 

In  arranging  for  this  Series  it  has  been  the  design  of  the  publishers  to  provide  the 
professinn  with  !i  ct^Uection  of  liuthorilative  roonngr.i]i]i»  on  important  clinical  subjects 
in  a  cheap  :uid  {>ortuble  form.  Tlie  vtiliinies  will  oiiutain  about  5b0  pages  and  wiU  be 
freely  ilhuiCniteil  by  chromo-Utiiogr:ii)h9  and  woihIcuIs.  The  following  volumes  ar« 
now  ready:  Owen  on  Surgical  Diteanee  of  Children,  MoRBlS  on  Surpieai  Diteatei  of  ike 
Kidnry,  Pick  on  Fracture*  and  Dinlocaliows,  GuTLiN  on  the  limgu^  Treves  on  Intettiwd 
06i<frMf/(on,  and  Savage  on  Iwianity  and  Allied  AcuroitM,  The  following  will  be  ready 
sLorllv;  HuTi'liISSOS  onSuphilis, aMMkBawoTiWe  Joi'ftis.  The followinsare  in  active 
prennration:  Bbyast  on  the  Brr<uJ,ftRO>LT>TiT»ToiiVV«  P>a*t,\xick»,«a.  T>l»BM«a  of  fia 
Z/r«/>ira,and  Ballod  the  Rectum  find  Auua.    YoTsft^w.*.*  TO*aK«»«*.«A*v«o.>«A-v!»^ 


lA  BBornots  &  Ca's  PirsuoATiONa— Anat 


IMAY,  HEKRY,  F,  S,  «., 

Lfttvrtr  (M  Jntt'imy  11  $t  Olt<r^^$  BuipitAi,  LnmliHt. 

Anatomy,  Descriptive  and  Borgtoal.  Tli«  bnwinga  hy  II.  V.  Caktxr,  M.  D., 
tir.  WaiTUAi-OTT.  TLe  (lijHeation  joiati?  by  the  Acthob  uul  Dr.  Cabtxr.  With 
intnnluctkiD  on  (iFuenil  A nntoiur  mud  D^relonment  br  T.  UoutEs,  M.  A-,  Sur^vuo  lo 
,  Ueoiffl's  Utrnpiul.  B(lit«<l  by  T.  Fidcering  I'ick,  F.  K  C  S^  Surxeon  ui  luid  LecUirer 
.  AnitaiOT  St  St,  Ueoii^c'ii  Huipilal,  Loodan,  Riamincr  in  Aiuumut,  IU>rat  College  of 
irvBOO*  of  Kiil{l«nil.  A  new  Aiuerionn  from  tlie  t«ntli  ei)]uf{«>l  aiiJ  iuiitovmI  l>m<loo 
Utlon.  To  which  im  Mldpd  ih«  oevoui)  American  frocn  tbe  ImWHt  KiiKlbti  MiUon  at 
ASDMAHKH,  MsDK'Ai.  4SI)  SiutoirAL,  by  LirTUKK  niiLiiEH.  F.  K CS^  withor  ed 
"]Itii[i:iu  ()]it«>>io|nr,"  "A  Maniinl  of  Diaectiooa,"  etc.  [d  an«  inineml  cqiaro  voltinia 
oT  J  023  jMiKn,  nilli  34H  Ib)v«  mkI  eUbcnta  flngimvin^  no  wood.  Clotli,  $ti.W ;  l««ttier, 
97.00:  very  hEudaume  half  Kiiasi*,  tajaed  bgui(K  t7JtO. 

Tliii  work  inreraK  more  extended  nngeof  snljecla  Uitin  in  niitomuT  la  tbe  ordinary 
texi-lxMtkii,  i^ivinR  notonl^  ilie  detaila  twceBBai7  for  iJtuBUident,  hutalaa  tluia[i[iltcatluii  to 
IbcMe  lieUilo  to  the  pra(4toe  of  medidoe  uid  surgery.  It  tliitii  forma  both  a  guide  fur  the 
leuu«r  uiit  tn\  adniinble  work  of  refereoce  for  tbe  actiTe  pnu-tilioner.  Tlie  enKnvitin 
form  »  H]>ef-ial  featDre  in  lbs  work,  iiuuiy  of  them  beinfc  (he  aiie  of  ostiiK,  nearly  all 
oriinniil,  Biid  iiaviitf;  the  names  of  tlie  varioua  patta  priiiled  on  the  body  of  the  nil,  in 
pliu-e  of  %iirefl  of  referent*  with  deecriftioiH  at  tM  loot.  They  ;hiui  form  a  coinpleie  and 
■plendiil  aeiiea,  which  will  greatly  unsi  tbe  tlndent  in  Ibnniii^  a  clear  idea  uf  Analooiy, 
and  will  alao  serve  to  refreih  the  raemoo'  of  those  who  may  find  in  the  exi^eocieBM 
practice  the  neoewity  of  renlliiit;  tbedetaiia  of  the  diaMctitiK-ranm.  CombininR,  aa  it 
ooeSi  acomiilete  Atlas  of  Anatomy  with  a  (b<imugh  treatise  on  eystematk,  descripliTe 
and  aptdieif  Anutomv.thc  work  will  be  found  of  great  scrrice  to  all  phyaidamwho  receiTe 
Bli)d«tiiii  in  llieir  otfii'eH.relieviRi;  both  preceptor  and  pupil  of  miwh  labor  in  laying  the 
groucxlwork  of  a  thormigli  medical  edumlion. 

Ijantimartt,  Metluxil  anil  Suryifal,  Ijy  the  diKtiii>;iiiehed  Anatomist,  Mr.  Luther  Ilulden, 
baa  been  appcnde^l  to  the  present  edition  at  it  was  to  the  previooa  one.  TItU  work  i^irea 
in  a  rlear,  miiden»ed  and  syBtematic  way  all  the  information  by  whiiih  the  {tnvlilioner  can 
delL'uiiirie  frtiui  the  eiteroal  surface  of  the  WrIv  the  pouitiou  of  ititernal  pail#.  Thaa 
cumplele,  the  work,  it  is  believed,  will  faroisb  ail  the  assistance  that  can  be  rendered  by 
type  and  UluBtiation  in  anatomind  study. 

Thi*  Mrell-kiMnrn  notk  cininc*  to  ni  m  t^a  latoal 
AODVrirsn  from  tri«t>>iilh  EDitlii))i  mllllMi.  Ab  II* 
till*  InilintUiti,  It  )>A*  pwiml  iliroUKh  iiiftnr  tiaaiU 
•od  iiM  r^cKiul  niuij  adillilou*  iui<l  r«vtrl>>n* 
T)i*<<iii>rk  U  iii'i  9Lii>.-^]H<^>>B'kf  more  iMprnvonicat. 
TakliiK  II  all  >'>  *».  ii>  "fM.  mana*r  of  iaak«-up^ 
lia  rhnraotor  ani)  lllunlratlcma,  (ta  ganttnl  ■mir' 


Ther*  I*  pmtMMjr  an  woik  »•*•)  to  aalnrtally 
by  )ihy"lclaa*  aitd  in*!!!**!  ilitilSDM  aa  tl>b  «■•. 
if  I*  (hiitcning  uf  IKo  nuinilcacti  tlial  th*j  r^pM* 
In  II.  If  ilio  pTWHeai  «Ullli>n  li  camvarxl  <«itli  thai 
U^ml  tuD  ypkn  aco.  ana  will  reailtly  •*«  Iiov 
munli  It  hvi  l*«ii  Iniprovail  In  IhM  Um«,    Maii^ 


HgtTii  liaTB  Iwcii  »ildiA  to  Iha  l«iV  safMiclatljr  ta 
uio*a  paru  tliai  irvai  of  hiaiokqir.  wt4  many  naw 
«uu  h*r«  h^en  InirwIuMd  and  Md  oat*  miMtta4. 


Sti4  ilvscrlpUon,  U*  ptaetl««l  aim,  Md  Iw  tiar- 
■Rity  nf  ilrlfi,  U  <■  tb»  AiMtocnr  b«nt  MtatitAd  lo 
tli«  waouof  iltnuinilatiland  imtctitloasr.— JMi'raJ 

AUO  rOB  RALB  BBTARATB— 

HOLnEN,  LUTHER,  F.  R.  C.  &, 

Landmarks,  Medical  and  Sursical.  .*y«uwl  American  fnun  the  Uieat  rcTiaed 
Engllab  edition,  with  mlditions  by  \V.  \S .  Kken,  Ttl.  I).,  ri\>r«wor  of  Arti>ti>-  Anau-my  In 
ibfi  Pennsylritniit  Aciulvmy  of  tho  Flr>e  Art-t,  formerly  Lecturer  on  Anatomy  in  llie  Phila- 
delphia HchiMil  of  Atuitntiiy.     In  oiic  handaunie  12n»o.  volume  of  I4<H  pageH-     '  1>>Th.  Jl.OO. 

llil*  little  hor-V  h  all  llial  ran  tw  i]ii>ir«sl  within  |  ctai»«  and  *ur^MMii  Is  much  IaI>i  <  11 

ItD  H-oHi,  anil  If  coBlntit*  will  I*  fn'md  ■Iniv'''  '"■ 
Tafuai'V  to  th«  jriMinif  KiircMin  or  |ifiv-  .  'it        — 
Ihay  briss  ^tun  him  »am  data  m  > 
tn*ry  nsamtnalJon  of  a  patlmt    It  i 

tangasa*  *o  «1«ar  and  cnoL-tiw    thki    >  ii.i.< 

altaoal  to  team  it  lor  liMirt.  It  iitKi-lifv«  iiiuno'U  ly 
•atamalaiaralnMiov.c'ilA''  and  paipaUB,  nf  I)i» 
telly,  Mitli  miu'h  anaii'inli'al  ai>d  [ilivxIoluKiral  (••-<* 
aa  otrM-ily  l-nir  on  trir  ■ntijwt.  It  t>  nmlonaily 
llM«liidpDi'*au<l  yoniDK  t-rufUUnavfiiboolL—l'hf 
tktAn  lUut  S^-rftolt,  No*.  IWl. 

k    Tba  slndy  "t  tit***  Laadmarka  lij  both  physl- 


tnarltahlji  Imid*  ■»•  nnifrTKialr*  <-i 
•' -j-ynanrf  ttiri- •■'    <--■-•■• 
■kw  or  lli»  ■ 

1     -1       OlHttlii 

l.il^hl    1«     r  ■■       ■ 

lalimlilp    '■ 

to  Hi"  nil-  ..  li  .1  i't  '. 


■Ih 
.of 

n»- 
irPO 

"I  • 
'•Hi. 
iirbi 


jrM  f>ni<lilL->il  lilnxetf  «iin  a  tv>|<r  of  iliU  ixrlul. 


praoiii;al  siildf  lo  Ibc  isoriiMl  iil 
analoni  Icnl  part*  aud  orcaii*.—  Cbi 


analoni  Icnl  part*  aud  otbiii*.—  uini*t(«  Jf (■Jt^al  and 


WTLSOX,    ERASyfVfi.  F.  R.  S, 

A    Bystena   of  HutOBn    Anatomy,  Oeneral  and  ^lecial.     li^lited  by   W.  U. 
roHHiKiiT,  >l.  l>.,  l*n>ri!Mor  of  General  and  Surgical  Anatcony  In  the  Medlral  Cnlleee  ol 
)hio.     In  one  lnofx  MkI  haiuWme  ocuvo  Tolnme  of  816  pngra,  with  307  illiMtnUooi. 
,  W.00;  leather,  »5.00.      

7LELAJf^D»  JOSy,  M.  !>..  JR  .B. «., 

J^t^maar  uf  fliuthimy  itaA  I'tt^molMn  \m  VhwAi'i  CMZaffc,  Oaft—y, 

A  Directory  for  th«  DtSMotion  of  the  HumAa  Bodij. 
LroJiuaf>o/I7l</Mc«a.    (.'loth,  11.23. 


SBATB 


iiGATioya— A«»to«y. 


Ai^LEy,  sjjtnrsoy,  m.  d., 

A  SyBt«m  of  Human  Anatomy,  Icoluding  Its  MediCKi  and  Surg 
Relations.    For  lUc  <tfc  of  Prac-lilixruMS  uul  8tadcnle  of  Mclidnr.     With  an 
duL-t'TT    Section  on  llUtotogv.     Itjr  F^    O.   StIAKEHPEAUB,    M.   1>.,    Oplithklinii 
the  I'hiia(ltl{>hiii    Hospital,      OmnprihinR  Slit   dwibl<>«}luiDnp)l    (luartn  txiBCi^  *^t 
niustrntiuiis  oD  lOtf  finl  )*gs  litho^rapliic  ]>lau«,  lauij  of  whicb  uv  in  coloa 
Ci])iravui0  in  ltt«  text.     In  six  8e(tuin»,  Mu~li  in  e>  portfolta     HeciiMi  I.  HmoLOOT. ' 
Section  U.    Itoxui  axd  Joix-ni.     Scctirin  IIJ.    Mlx/uex    and   Fascuc     SecXioo  IV. 
ABTKBmi  VKiNf    AHD    LYMfifATKS.      ^Tlion    V.    Nruvous   SYvnOi.     Section  Vt 
OltOAW   OF  Kekvf,  or  lnoi>rni>N    ANn   OEyrroLiRiyAiiY   Ov/tA^tM,  Riib>t<u:xmt,, 

I>KrXLOr>l£ST,  TiJUTOUHiY,  •Sl-PEJU'IL-UL  AKATOHV,  PlttT-MoHTCM  EZAMIJIAI 
JUti>  OcvrjtAL  AND  I'LisirAL  litprjcis.  I'nc«  per  .S«K-t)'>n,  $3.5t<;  al»  ho*itMl ' 
voliiroe^  clolli,  $2t<,W;  very  liaiulaonw  half  Kumm,  niMal  buub  and  open  Ind:,  T 
For  aaie  by  nd>Kripti<m  m/y.     Appty  to  tke  FuUtMhen. 

Eav*ct  tram  iBtredacUoa. 

It  in  the  cl(«if[u  of  tlija  bonk  to  prewnl  the  rartsnr  hunun  XDatomrin  tbe  nuiDi 
9iiIiim]  to  the  re^iuiremenlu  of  the  student  and  Die  prsctltivocr  of  mvoictDe.     Tie 
MievM  that  Mii-h  a  l<ook  is  needed  iBasmiicK  asuo  trtctlse^  ufitr  aAhekDcnra,<not 
addition  to  the  lexl  •Iwcriptire  of  tne  inibjo<c(,  n  systematic  preaentation  ofaiicli 
fwu  u  can  be  a[>[)iitd  to  pnclioe. 

A.  book  vrhirliiiill  be  at  once  animtc  in  Mnteucnt  and  mnd«  inlenna;  »hi^h  willl*'] 
an  a<xTe]>t»l>1e  eipret^'inn  of  the  present  •tiale  of  (he  »ri*nce  of  nnatnoi;  ;  wtiicli  will  eidntia  ' 
DOlJiiiif;  llial  can  lie  made  applicable  to  the  mediral  art,  and  whii-h  wUl  thits  eml;rare  all 
of  fiurgical  iniportaiM^,  while  omitting  nothing  of  value  to  clinim]  medicine, — wuuldappnr] 
to  hare  an  excii*e  ibr  exiatenc«  in  a  country  «rher«  raost  p^iirffeona  are  g«twral  pnctHiowrs  j 
and  wiivra  ibeni  are  few  guteni  practiUoacn  vho  liarc  iw  tnt«reei  io  sorgevjr. 

It  U  lo  ba  eooMdriarad  tabaiftitmppU^i  analonjr  i  caic,  an<l  aic  dmnljr  auiwrb^    Ttiar*  la  ^  mttk  ' 
In  in  wU«M  Ma»a— a  ■raMmaila  prMeaiaitoo  of   of  jirai-ilcal  B|>pltcMlon  ut  analonilca) 
•neb  atialDnilr*!  ft^ui  as  can  b*  aprdted  to  Ibe    Ui«i  tiToij-4aP  vanla  at   tha  Rtadk^  ell 
pramloa  c4  m*<Jktn«  a*  «•»  ••  of  vxtwnj.    Ooi    to  (hoM  <A  u>e  opwaUna  Miiaaoa.    U 
auttior  ia  coii«lan,  Mwurais  and  praotliw  la    bin  ,  norral  pnulUJiiiior*  will  raad  tfa*  wurk ' 
MaMRi«nta,  and  aiiec^cda  admlnibly  In  infnitlnK    IWlliig  it  i<irf>riH>J  KratlBoalioa   thai 
aa  IntervallDta  Ihaatudrof  alMt  )■  B^uenJtv  c%o-    uxnta,  panr«iiiiiig  vtiidi  Ibay  m^  at 
atdnwd  adryMiliJwI.    Th«  ilafiartnuiBl of  Rli4«l>  ^  t'lougbt  bebir*  •»•  au  wvii  pr«a«Bt*4  lor 
Of)  Ift  treated  la  a   maatnlj  manner,  a&il   tli« ,  nMotatlon.    It  ti  a  aork  nhtctt  I*   ' 
||TOBo4  la  IravelM  ovar  by  one  Ihaniuihljr  Ownil-    itia  bairt  nf  li«  kind  In   any 
tar  Willi  It.    TUf  lllatitratlanii  are  nwMt«  tritn  ercai    Retard.  Kov.  ai.t«n. 


Cl,AHKM,W.  B,, F,lt,C,8,  A  LOCJiWOOV,C.B,,r,B,C.8. 

DtmaKUr^vriaf  AnaUm^iU  81.  Barlkoiomtti^t  Bt^pi^  Mtdutd  Sckool,  ItK^an. 
The  Duifiector'B  Manual.     In  <>ne  uucket-abe'l^nKi.  volume  of  396  pa««B,  villi ' 
49  UluHtnttioDd.     Liuip  doth,  r«d  «dg«t,  11.^    See  Stmiadr  Serin  vf  ifanuaii,  yagt  i. 

Tltln  in  a  very  excclliMil  manual  fnr  (haiuwnflho    part,  ara  f  ooil  aii<l  InBlnKtlre,    Ttia  Unk  la  aMt 
MOdaBlwbDdaaUMtolearti  amttotn)-.  Tht^tnetb-    aad  MnTcotent.    We  are  slarf  t«  raeemiBMid  IL— 1 
odi of deaionilrallDn  iwrm  lom  isij- MUlafW-lnry.    Auloa  Jfi*U.W .imI  A»]r>ini  Jinirwit,  Jan.  tT.W*. 
Tbw*  an  naar  woodi-uio  Hiikti,  for  the  mon 

TREVBSf  FREBBBICKf  F.MrcTs*, 

Stnvjr  rMmetutrator  of  A  nfltowy  oad  A*tvt^t  S^gtm  at  Vka  Lamift^  thtpitoL 

SurgicoJ  Applied  Anatomy,    tn  one  podtct-dxe  ISmo.  vulume  of  540 
with   til    illiistratioiUL   Limp  cloth,  red  cdgm,  $2.00.    Soe  Studmb/  Serial  <4 
p«gt4. 

tla  ha>  prQ<la««d  a  work  whtett  will  cammand  a  ,  aul«keiicd  bj  dallv  uaa  m  a  laaebar  and 
larger oircle  \d  nadani  than  tli«  claw  for  irtiirli  ii  ,  tloaar,  ha*  aitabkd  our  anlhor  U>  pr«Mn  a  ' 


wlu«ti  It  Wftald  t«  a  OMMt  dlRtmlt  taaa  to  excal.' 
Tb«  Ammiam  I\wtiUontr  Fab.  (IM. 


/ 1  ^BlOtlf  I 


waa  wriitva.    This  unloa  of  a  tliorcuKlt.  iitacttcal 
acKjaalnUnoe  with  theaa  ruuitanirntaJ   braacbr*, 

cuBNow,  Joirs%  M.  i>.,>Vjb.  c.  p., 

JVi^iMor  «/  AiuiUHmy  at  Kinjti  CtJUf,  Pti^tUmn  at  Kin-sf  OaOtg*  Hotptuu. 

Medical  Applied  Anatomy.    In  one  pockot^lM  )2no.  volume. 
See  SluilewU  SerUa  of  jtfaaiu)/*,  )m^  4. 

BELLAMY,  EJiWARJ),  F,  B.  C  A, 

Tho  Student's  Quide  to  SuxKioal  Anatomy:  Betnft  a  DoariinicB 
moat  lm]i<Tijitii  Siirzicul  Ref^iu&e  of  the  Human  Bod}-,  .ind  intended  Man  Intnidod 
operiitivc  iSurgcry.     in  one  12uki.  vitluuie  of  SOU  pagefa,  with  6U  iUiiaLntiona,    Clctb,] 

BAR7-eiMOKf(E-a   HANUHOOK   UF  AKATOHT  |  nOBNEffagPEClAL  A»ATOHT  ATfP  BIETTOt  , 

AND  PBYSIOLOGY.  Sr^ond  sdlUan,  nirl»4  ,  DOT.  Ughlb  adllion,  ast«a>lvelv  tWTtaed  and  ' 
JD  ooeroyal  lsmi>.totiim«om»va«,«h,w<.Uven  '  modiaad.  In t*a octara iniumu of  iccnpam,. 
wxxxl«Bta.    ClQth,|l.:6.  \    ■wSfliWi'aotAasB*.  ClMb.|U)a 


>BAi^ERt  JOHN  a,  ar.  I>.,  LL,  7>.,  • 

^nfmaar  nf  VKmntttf\  hi  IW  OifF«r»rv  "/  tM  Clfv  «/  •Vnr  l'«rJL 
Medical  Phyiiica.     A  T«x(-lN»ok  Tor  Siudenbi  and  PnuTtitiooen  of  M«licin«.    Id 
ocUtu  vi>luiueur7M  pag«swiili376wuudcuU<,intititljorl8:InBl.  CU>tb,f4' 

Prom  tb«  PraAct, 
Th«  fud  that  a  knowledge  iif  Pbyiloi  Is  iodi^ieiuable  to  a  thorourii  urulenlandlna  of 
licine  hu  not  b«en  an  fully  realized  in  this  onuntrj  an  Id  E(in>p«,  where  thft  atlnilruite 
kn  uf  DcuplsU  nnd  Gariel,  of  Rot>«rtao«  ami  of  nutnerotni  (Ivmuui  writvni  ocm»Uiule  a 
branch  of  nlucatlonal  liurolure  lo  which  w«c9ui  »how  no  patallel.  A  fktil  a|>pr0«iatioa 
of  ihLi  the  authnr  truiUfl  will  tie  sutfidont  jiistiliailifln  for  planing  la  txicik  furin  tlia  aub- 
■tanoe  of  hi*  leclurr*  un  iliit>  dviiartiueDl  uf  Kivoce,  dolivvrod  during  maaf  vc«n  at  the 
UniT«nltT  of  the  rity  of  Xew  Vnrlt. 

Bmndly  Mienkina,  UiIh  wcirk   aimii  lo  impart  a  knnwlxlga  of  lh«  rrlntiniw  eziiitiag 
lielwt.'va  Pbvmca  and  Mediviue  in  tlivlr  l&twt  Etaiv  of  d«v«lMKaeut,  ami  to  cmknly  In  tb« 
fyiilt  of  IoIh  ohjeil  whntoTcr  experience  the  autlior  has  gained  during  n  long  period  of 
hing  tliia  ■pecinl  bmnnh  of  applied  acienc*. 

ThU  «l4wai)l  ftBfl  iiaefiil  irork  bean  amplA  (mU-  ;  asptataMd.  aMwrtlc*,  nfitlni,  littU,  iA%eUie\tf  sad 
inj  la  ina  I«moIii)[  and  koo4  Jixlgmviit  at  th*  manititlMn,  nloslng  alUi  ■  «»«iliin  on  •lt>«lro> 
bor.  11«  h^  fltutd  hi*  work  admtrably  lo  th«  |  bfolonr.  'rn«applk«ll»n«BrAltUit#«bi|iliyilalni(y 
wlsoariwi  'if  lh«  •lliiaiinn  by  pT«M>n((nx  llwi  ;  and  (iiaillnlnv  •»(  kapl  coiidanily  (n  il«w.  Th* 
Mad»r  altb  hrlcf,  clAr  and  *lmple  MMnmriiu  of '  Mxl  U  nroiiljr  llloMriaad  anil  itia  manr  dllDeult 
«a»h  profntlikwH  a*  h*  teby  i>m«o>1(j'  reqtiiivd  u* ,  polnuof  Ui«  nilijaotan  bnmitht  r<>rw»riJ  «lib  ra- 
aia^lir.  Thd  tiuh(<«(  reaCuir  U  w«l>  arranei^d,  i  markahJAclnamrHaadaUlIlT'— VtiltAtJanilStrf- 
iKiraUd  and  cara^ilIvliul«X«Kl.    Tlial 


and  cara^illj'  IiuIaxckI. 
oi>nairi,  an'l  It  to  U>  b*  faopad  tbal  It  wlU  Bod  a 


1II>»nJ1y  ill 

II  will  uki'  rank  at  oii«a  amon 


.h«  loii'iMwka  U 


rlMC  upon  Iho  utialf  of  Iha  praAllcat  pbyatetea, 
whar*,  M  a  lionk  ot  rafvranea,  H  will  l>*  BtKiDd 
■MfVil  aad  wrM«l>la.— LoulfvJUa  .Vadlaif  Smt, 
S«M«rat«r  ae.  i*s». 

Oariatnlr  watMraMiWxkbookMfttllaalbftax- 
aMllaDi  on«  li«  bu  prapaNd.  It  b«clB*  with  a 
■tal4>ti>«iii  of  lli*|'r«p«r(hiii»rni*li«Ta[id  HtivnU', 
Aftar  iriM«  lb*  aiMeial  depBrtmv&ia  o(  ptiyvica  ar* 


u«(  AtfKirfrr.  July  1*,  isxrv 

That(Miiwn«k  will  grvaily  fhelllUhi  the  ilndy 
of  madlral  |iVv-.i'"  i>  iiii|.kr<'[il  ti]K,Ti  «roii  a  tnara 
Aurtory  r  1  >  i  by  ibalM^len- 

llfla    Kri'  .'■nknurlUMt    Pr. 

Dra^r*!!  »  'Iua  II<u  ta  tba 

fectiruit  UK  iir,;-.ijii  J.i^iii  in«  'U!nli-!iliit  .if  iha 
m»<llral  ftinn.  1l"iii.'«  iiiiK^h  !■  umlll^l  (t'»t  a[>- 
pnani  In  a  mer»  Ircallaa  «n  physical  •*lario*,  whlla 
niurh  In  liiMrtad  u<  i>i><.-titlAr  ralit»  la  ihe  plgrat- 
«laB.-jrKllMl  JKMar/  AaRWtll,  ISU. 


SOHERTSOy,  J.  MeGBISGOJtf  M.  A.,  M,  B., 

iliir},aiA  Dtmaiufralor  of  Ityaioloirv,  VmTvrtil]/  vf  Otat^jt. 

Fbvaiologfoal  Physics.  Id  one  ISoio.  rotiime  of  5S7  jagns  ^^^  ^'  Ulivtn- 
tifin*.     Limp  cloth,  $'J  (X).     See  SUdmU  Seri«t  of  JtantiaU,  page  4. 

Th*  llila  «(  ihU  wf>rk  •iiffirlaimly  aipUln*  tba  i  mwiUL  It  wilt  h*  fuuid  of  graat  ralua  !••  Iba 
naWro  of  iu  cuaiMtla.  U  U  d««lBa**l  ••  •  niaa- 1  (iracililoti'r.  It  ii  •  c-Merully  p«'kpat*4  bouk  of 
Wal  for  tba  audani  of  madlclua,  «a  amlltury  to  '  rat^ranoa.  nr-nou*  ami  Mwurata,  and  •■  mob  wa 
bblait-lMuklDpttjntolnn'.aitdllwoiildhepanlrit.  ,  lioartilv  mmininieiid  lL—J^r*iil  of  tM  Amantmt 
larljr  uaaful  an  aSBid*  to  Ilia  la>H>tatnry  «i|<ar1-  ,  Sfmtteid  AuoftaUoK,  Dan.  a,  UM. 

l>ALTOJff  JOHir  C,  M,D.f 

proftMv  na«ritM  cf  MuaMbfy  fa  Ik*  Ooittf*  of  FhyKelaM  aad  Awytaat,  ff'M  fork. 

Doctrines  of  the  Circulatioa  of  the  Blood.  A  I  lisiory  of  rhyaioloptsl 
OpinU'ii  luid  [>ii><-ovoi7-  in  rcgarxl  tn  ib«  Circiiliition  of  the  lilood.  In  one  hmdmna 
l!fnt>>.  viiliiinr  of  'JSH  pages.     Uloth,  ('J. 

l>r.  PaiinT)>wi?rkliihat>^ilt  aribadMipraafarch  i  rartXoUviilawl  Uw  Ihaorlaa  of  feaohan,  than  Uia 
,af  mi-ttliuredmlnd.andlothabiuiy  practUlocnK  I  diseorery  of  the  edreaialloa  of  Uw  blond.  Tiki* 
iBAl  IhJI  lo  tw  a  ■oiirca  of  IsMracUon.  Ii  will  nxptalii*  Iho  astnordltiarT  lalaroat  U  li«*  in  nil 
ra  him  with  a  foallngof  graltlatoMidadiDlr'  innliral  hialoilam.  Tba  volume Iwtur*  D*  In  oaa 
•Hob  for  ttaoat  rl^ddligr  workers  o(  otdan  lUan,  nf  Mu*^  ar  fmr  wblati  ha«a  boaa  wrtttvu  wlililn  a 
wbo  laid  tba  ItmiidaliaB  of  thamaanlBccnt  temple  faw  yean*  by  Amarkao  ptiyafctao*.  Il  If  inMttenJ 
of  mvdtoal  aelanoa  an  It  now  msDifa.— ITtw  0>^MNi  r«»pi"H"  Ibn  moft  complom.  Th*"  lyjiumB.  rhmigh 
ATadUaf  and  AarpMiW  Jounat,  Ana.  ISU.  !  amall  In  aUe,  [a  one  of  ll><>  iikbI  cmlllalita  eon* 

In  th*  procraaa  of  pbyalokiglcial  Mody  ao  bet  irlbMleaafNcnanABMrleaapantumoillfalhlalon 
waa  of  graalar  momont,  Mcia  man  eompletaly  I  lhalhaa^ipaand.^Jif<d.  4  Awyi  Aq^,  Dae-l^tSH. 

BELL,  K  JEFFREY,  Jf.  A,,  * 

fti-tm^iT  «/  OmfHwatira  jtiHtromyiU  ifh^i  OUtf,  iMOm.  * 

CJomparative  Phyaloloffy  and  Anstoiny.  In  one  i2mo,  mlnnenfoei  pages, 
wllhSiElllluxtnitjoniL   l.imprioth.$2.iX).    S«e Suiimbi' .Sn'ua o^  J/ofwoif.psge 4. 

Tbo  manual  ii  pra^mlnfnily  ■  riiKkni'a  buAk—    It  iha  baai  work   la   ailalaiwa   In   tba  KnaUah 

lannnaga  lo  ptae*  In  (ha  handa  of  Iha  madlUBl 
■uideaL^-iirifMl  ifalM-CMrwniMat  Jaarwof,  Har^ 
Usl 


I 

,      upiii 

Hof  a. 

^PaHoB 


1^ 


alaar  aiid  •Itiifila  la   latiRtiAKn  kiiit  aftaft|iaaMai<> 

It  tt  ««ll  Ml  J  BhuniWiiiv  lllii'iirKtril.  aod  is  rcad- 

.  able  Bii'l  iritAraaUng.    On  Ilia  «hi'!*  oa  (viiiatilar 

[ELLIS,  GEORGE  VIJfER, 

AtanAM  Pra/Hiar  «f  Anaupi/  *»  VtUnmUn  CMMr^  loadoa. 
Demonitrstiona    of  Anatomy.      Beiue  a  Uuide  to  the  Knowledge  af   the 
'  HuDiAD  ISoily  W  I>iiw«citon.     From  the  eifihlh  and  roviwtl  London  edition.    In  one  reiy 
haiMiuJineocuvnyfjIuiueof  ;iApagm,w)Lh  *.£^i>  illiiaintions.   Cloth,  |4Ji5;  leather,  16.36. 

ROBERTS,  JOHN  B,~, 'A,  M.,  M,  D,,  ~ 

The  Oompntd  of  Anatomy.    Fw  umin  Ute  A\iaet*AT\ft.-»'«^«^»i»,^''«.v*'^*^ 

exaaj/oelJoiw.     Jn  Aie  Itlno.  vulume  of  I9ft  pMB*'^.    Vimv  'iV*^.'^^'  t*fiC*k. 


Beothmbb 


-Pliysiolanri  OicmiBiry* 


BALTOfff  JOHN  C„  M,  D., 

A  TreatJso  on  Human  Physiology.  Doagood  ibr  Uu  use  of  PiikIcou  nil 
Pmctilion^n  of  MnliiitM:.  Sct^hi)!  olition.  tboronglilx  wriaed  uid  rcwHtlcn.  Ibom 
verv  hnmiw^ni*- ncHnvo  vuliimv  iif  722  pngm,  wiLb  S-Vibnuttful  vncnring*  (m  wood.  QoU^ 
IS.6O;  Icuihcr.  $4.00;  v«rv  hiuulMiBir  hBlfRuwU,  nLwd  buuU,  fd^. 

Tdo  inriila  M  ProjM*>r  Iteltan*  t'  "  ■      >-    it- 
RHinrili  util  iilta^lnf  ■'f^'V  "■'''  ^^'■<-- 
BtM  of  hi>-  dfwripiloBa,  *hl«h  I>4t>   -  ^ 

iilr.   hi*  rruitlrtiL'  jodgrrnT'    v 
*«in'»»  "if  111"  Ik^i*-.  mvi'"  ■ !' 
niailn   hU  Irit-liook    i.'n 

Cefulaljr  do  phj-eloloKk'*!  vorit  bM  cm  lowd 

frim  ilw  pmw  IMI  pmwnut4  It*  ■oli^act-inattM'  In 

I  K  nli<Kn>r  Md  mon  Mlnctlvs  llRht    AlmcM  eT«TT 

tpMB  t-<«r*  svldMie*  of  th«  viliwtalirp  rprliltm 

f  IhM  li«i  Uk«it  pUn.   The  nwuri*l  U  pl«c»d  la  « 


atini: 


n>ur«  oafB[*el  Ibrm,  yvt  lla  ilaU^tflil  nliwn  It  t» 
Ulfuwl,  Mid  nn  ■ulilect  t*  UirowB   Inln  iilwwHMf. ' 

■  ■"•■-  '.  r-n*,>fid  will  irnrf  '■  '  '-■  ■    "  -  pr 
■-.i-    lo  111*  gooM   T''  <>)n 

Jow  DO*  ha**  niiiDt 

lb  a  tMomneadfJ  i«xi 

AmarlrMi  irt»it<>n(i>  <tr  voiilil aim«MVW)ltj  1 

mend  L>r.  DdIcodi  w>>r)l^-  r<^  JfaJHtortMy.  Jiil>,1^  1 


loxl  nr  r««MIIIUW«-MOlt.   TCf  ' 


rOSTERf  MICHAEL,  Jf.  JO.,  F.  H.  8,, 

Pr4ltttor  In  Pht/tiotii^  •ml  ^.'<iir  of  TWiiirv  Col'tye,  OtmbrHlft,  SX^toarf. 

Toxt-Book  of  FhjTBioloKV.    7^t^l  .Amcricmo  fVooi  the  foonh  English  «yliti«b 
rith  nolrt  and  uiMitiimN  \iy  E.  T.  IliiK^EBT,   M.  P„  Pmfnnnir  of  PhTrifliogv  in  th*  Uni- 


H-r>il7  of  rcoDtyWuiin.     In  vnc  liRitilwiac  jujkI   l2nio.  Tolune  of  003  pa^tt,  with  271 
'  liwirMlons.    Clnth,  13.'^);  Icolhcr,  Ct'o. 

I)r.  F«*ii>t'>  woih    upon   fiA^slotoKf  !■  »d  w*II> 
kDonniuKiPzi-book  in  tlii*<«uBtf7.ih*iiiii«*dA 

lint  lllIlK   lot*   lald    In   T*gard   to   11.      Tlirra    i- 

ku*rc*iv  •  mvdiobl  e«il«in  m  tbt  t'Dit«d  btnu 
■  Iwra  It  !■  Tii'l  In  Iba  haodNOf  ll^vuidrncii-  1  I  - 
author,  iii(rt«  ELaD  any  Mbri  nrlit'i  *M\  «)ii  ri 
wear*    kKiuaiiii"!,    H-rins  to   uaiJ>r<i«ii<l    wlijit 


»oftl 


tuknowBiid  vhai  tnaFba  }m»*»tivi»rbj  U)«nnN 
lift  lrrr"Tliir[t.    FrMn  tlif  hcrlnr;rie  ip  tli*  end. 

addttmiUt 

Diard*.  to 

nilMti     '  .1     ll.i    ll.'f  [l.tl  i'--(4l|l«bMfc 

III  l"*  ^  iiiiicti  liicr«a*^.— t 


fiortiofu  of  tlif'  rtclpnc^  art!  «eiMDi4al  for  btDd^ntK  i  iltJteai  .'.  < 

1*0  » -ft'/f,  uEyur,  M,  B,,  jp.  js.  c.  &, 

£niainfi  <  n  V%>«io((9y,  Sayal  CbU««  q^  dbrpcDBi  qf  Bngltmit. 

Hnman  Physiolon.     In  ww  handsome  pucfcct-sue  Ilfiaa.  Tolume  nf  398  pagn. 
villi  47  illiutmtlaiM.     Clom,  (l.oO,     Sc«  Slvde^^  Srrin  of  Matfua/U,  paj^  3. 
Tn«  |pronilii«Dt  character  of  ttilK  ■oilc  K  il<at  cjf  i  io»i'<>ri  ono  4>f  oar  raaders.—  Tht  <iM«ma" /nr 


f  JiNlk-iimii  nii)*I«  Dial  ion,  In  ahH')!  an  alilr  and  Mir 
r««i«iiriil  <>ir))rt  apiHwrii  <">  l^ai"  Im'sh  ir-ado  lijr  lit 
L  w<^inplL>li«d  authnr  tri  (p«ch  ih«  gri'alpM  numbrr 

of  fitPtP  In  Iho    liwrvl   )iO»Ft)-l*  Wi'llla.      TVi'    il<.   |]' 
!■■   iikerllijca  ut  roti.-enlniiici   irji-li'  .     i     ■ 

liim   neliliiTi   riir)iiu>-vi1,  iililrti  fliiv' 

fiilij- intEi-!>t«i  nt.d  itiuT-niod  hy  ftt\ 

whu  'l*t.!r<'it  to  kwf  l-iin'^lf  wi-11  1  .:         ■ 

Ihin    nn>»t    piajirMiitf   of  III*    n.f... 

TIm>  TolnniA  la  oiknwlitrli  w*  n^nllal  i '       '    i       '  '   i 


■J 


f'/,,  .Vr.r.''n;5V.r'rM.  fk  I..U[.lJ.^t 


.ain 


[ht'i'stli-    i:'un:m>'iiilalLui;  — Ctetunatt  Laivtt 
'limr.  Pcb.  IClBSI. 


CARPENTKItf  W3r.  B.,  JftT.  />..  /'.  if,  S.,  Jf.  G.  &,  JV  X. «., 

Itegutrar  to  (M  Onlror^Uy  of  /.omfon,  off. 

Principles  of  Human  Physiolofpr.  F^itcd  b^  Frkry  Pownt,  M.S..  Load, 
F.  R.  I'-S^  Kiaminer  in  NaUiral  St-ietit^s,  L'mvcrnily  of  Oifin-J.  A  ni-w  Atntrican  ^mlht 
eifthtli  rvvL-«d  Hiiil  eitlaris'ed  edition,  wiili  in>ifeiiuiiliulilitinii.H  hy  l'inx*'iii  (».  Shitb,U.D, 
late  FrufoHir  o(  the  lotiUlDlcs  of  Medicine  in  Uie  riuveii>itT  of  Pentunrlrania.  Ik  ma 
T«r/  lar^e  and  handsome  oHaro  viilniue  of  10&3  pagea,  witn  two  iilmte*  and  S73  illnt- 
tntt'.iis.    Cloth,  $5.50;  l«itli«r,  f 6.50 ;  hidf  Kunia.^?. 


siMox,  jr..  Ph.  /).,  M.  n., 

ProftfoWof  nrmutry  owl  Toticologi/  <•  ft*  CbVapa  ^  FDytinioM  n<*d  Am^mxh.  AnUmor^  aarf 
'  Pr^atar  of  CAemu(r,v  in  (ha  Jfarylond  0»lbp<  ^  nteniM^ 

Mannol  of  Chemistry.   A  Guide  to  Ledum  and  LAl»rator7'  work  for  nr«inncit 

in  rhvmiiitrir.     A  Trxt'li'xik,  KitrdallT  ada|it«il   for  Stiidpiitfl  of  I'harnuKrr  and   Medkilfc 

la  on«   Sro.  vol.  of  41U  ]>i).,  with   16  woodcuts  and  7  platce,  mostly  of  actual  deporil^ 

l-wilh  rolnro  llliuitratiDji  56  ol' tlio  moat  important  chcuiit-til  tv&ctionai.    Clutlt,  (8.00;  abo 

wIlV»u   pbUM,   E^Ioth,  $2.50. 

Thl>  tvtok  viiivll*'  a  want  lour  fell  by  Mudentf  i  plaiea,  b^aiiitriilly  eK«''tit«'],  lllnsirtflBf  t»t<tpi- 
of  ni'-iliclnc  and  pliatiiiHty.  anil  U  ■  c«tii>iK>  Imt  I  taloi  <if  TarK-iia  raaciinDa,  tvm  a  Bo*el  an4  *ani- 
Ibaroiicb  tnatUa  on  llid  •»h)pRi.  Tbe  lone  eip«- 1  aMe  fraturs  of  Iba  bonk,  and  (Mnnot  flul  M  ba  ap- 
rlroi-a  of  tlio  aiiilior  aa  a  leaclipr  in  •choola  of  prwrlaioil  Iqr  b«lb  ataitlanl  and  i«#ebiw  at  »  halp 
nodielo*  and  pbarnnacr  I*  conn  pinion »  in  ibe  oier  tbe  hard  plaaaa  at  (ba  aniaiMc— IhrHM 
parfMit  adaulallon  uf  lli«  work  lo  iha  ■peplal  neeit*  Jtfadiral  JourmU,  No*.  IS,  laaL 
«f  tbe  vcudaDi  of  thona  branebtii.     Tba  aalortd  i 

WSUer'a  Ontltora  of  Organic  Chemisti?.    K<lit«d  hj  Frrno.    Tramlalad 
bj  Ira  Kemsen.M.D.,  1'b.D.    In  orw  l^xno. -volume  uf  560  pages.    Cloth.  9Sl 

flAM.OWAYB  Ql'M-lTATlVT.  RSM."iMa.  \CKV.vi.'KTEW%VW.XV.'VS».v'\  Wi-TftT^JSK. 
■-     - -^       -                 —  — V;,VU"KV.  PBtfc '■       kn\:»»  n*  ViiMWiiAav  \  .wjftna*  1*  ^XM3m  uB 


L£H.VHNN'9  MANUAL  »iF  eu _ 

?LOGy.    In  on*  octavo  Toiuma  ot  Va  \*«r^ 
.  U  UloatratloDD.    aotti.ti^R. 
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I 


FOWXES.  GEORGE,  Ph.  T>. 

A  SCunual  of  Elemootaxy  Chemistry;  Theoratkal  mod  PnrticaL  En- 
bodying  WATTtt'  PK^eiaU  Itwryunie  Clkmi«hy.  New  AmwrtoMi  editiuo.  Itt  qim  Urge 
rojraJ  ISmo.  volume  oJ  104>1  ptij<«,with  168  UlustnuintM  dh  wood  aai  a  nilaml  pbu& 
doUi.  12.75:  lMUi«r,  $3.2i>. 


booh  npon  ehcmlslTjr  tor  many  yous.  Ila  RMrlta 
«ra  tttcy  fullr  liB«irn  tqr  «bMDm»  utd  phjralciua 
•Ni^anvTv  In  (hf>  nniBtn  mad  Id  Bd^IumI.  A* 
Uia  Miacr*  tiM  •dTmnced  er  t^«  RUklnc  of  n«« 
dlmiTvrifl*.  Uip  wiirk  hk*  been  reiliml  m  M  lo 
kMp  II  fthrowt  of  tba  tUn**.  It  hM  >to«lilr 
■Minl«ta«d  Iw p(Mlib.>n  ■•  m  UitboiA  villi  tnpdl- 
WlMdmiM.  InUnaworkwatmOAJ  fbttj^  II«*t, 
Iiteal«iilEI*cU'i«itv,lDelLiilio>Ma4ii«(i«iii,  TTio 
IkinaiiM  •■tn«d  bjr  Ui*m  fiiroo*  in  rbnmickl 
Mdonupon  h«Jth  uiddi*MM,*U^Untf  Ihvtnunt 
lnpATUntkln^Mi4  ibauld  b*  AunlllMr  U  ntJT 
n«4I«ftl  pnMiltuacr.  Wa  van  eomiMind  Cut 
worli  M  <■■•  of  Dm  Tcry  bMU  Mxt-booka   npcn 


lolWTt,  IK&l 

0[  All  ih«  «<irkit  »n  cliMnlMry  inl«n4*<l  to*  ik* 
IIM  of  iji<h1I(^I  ■tiKlntiia.  Fi>al>Tv'  ChflM*fr«  la 
iwrtiftp*  tlvomiKit  wiit»i<r  "■-'  n-  fbtilarity  |« 
lwa«d  ilfUn  lU  cir*l;o«'  '■■tIL 

•nj  It  ta  aJKl  RnnnliAi)  l^   -ut    ■^. 

PKvntal  and  tnorjonic  Oumtatry-     Ai  ^- 

ur  !■  broDgbt  to  ih*  iitraaal  alkod^' 

cal  kftnnlMlse.    W*  nuty  wfMr  on...  .         .:.la 

nark  acoDtlnuancaof  tha  hiDBaod  UToiU*Bki7> 

•»(»•  tncillckJ    iitudmita.— .Ta#  (Man*  JfwiiMl 

aUS^rgleat  AxanKiJ,  Hanh.  IIM. 


,,•,  ,,f  \v.t^ 


FHAKSiLASJ>,B.,n.C,Z.,F,R,H.,JbJAPP,F,R.,F.I.C>, 

InorgAnio  Chemistry.    la  one  hudaome  ocUto  Totume  oT  S77  pages  with  SI 
WOndniM  and  2  pUt«».     Cloth.  $3.7.5  ;  lealher,  $4~!>. 

Tlilt  work  akMUd  tu)wr*e<t«  oih«r  irorkB  of  it»  Thid  caefllMt  trMU*a  trfll  nit  fwi  ui  Ult«  tta 
OikMin  th*madla*lM)Hi>|[*ii.  IiUcarulnlThcttor  plaiv  w  on*  of  liia  rary  b*«l  m  Iha  mtjiHn  (4 
•dapw4ihaotajwo(kDpo(tebeinlati7,irttk«lilch    vlileh  It  ir««ta.    Wa  ha**  bren  ina«b    irfiMad 

vltli  tba  ciDmurshaiiaK*  anil  Uiriii  muiiaif  In 
whioti  Uia  dlmntlilM  of  phARil  -at  ttntatloa  and 
nMnaaclalilrv  haialwrnnlHUVil  ii[i  lijtbawitlafa. 
II   »b6W9  Aft   At^ry  pace   lAal   lA*    proUam  of 

raadwlng   tha  otiarurilMa   oi    ihi*   ^atioa   fmnf 

of  eo«iiir«h«iiHtuD  bad  Imw  ao<)  •>K>enuft)ll]r 
•■gaB«>r  Iha  ati^ntUin  of  tOa  author*.— J/trffeoJ 
Md  ArtfiMl  ilcpartor.  O«(ob«r  31,  UBL 


«•  Mw  anquamted,  to  lnif«n  that  rinar  and  full 
kBi»rl«d(e  olilM  aejcnn  «hlfili  itudenia  of  Biad- 

toliM>  ■h«uld  hara.     Pb^alolana  who  fnal  that  Ijlair 

eliemical  kna«lailice  1*  bcklnJ  Uia  tim«a,  itoold 

do  vnll  to  Amrotm  (KHna  nt  thdir  laLailra  lima  to  tha 
rtuilr  orihln  work.  Thf'  di^si^ripiloriK  aaddMnoD' 
■trallona  lint  mailp  w>  |iUia  ihal  in«ra  I*  no  dtlB- 
ouliy  lb  uudrrataiKllns  UMto.— CbuiBMUi  Mtiikai 

iVoca,  JaouaiT,  l«Mi. 


ATTFTELJ},  JOWy,  Ph,  !>., 

fVWaMC  of  Prttiuitl  Ot^mufv  to  Vt4  PAanmuauneal  SoeMf  «f  OrtM  Bntmm,  lU, 

Chemistry.  Oeaeral.  Hodical  and  Pharmaceutical ;  I  nclitdiaj;  the  C!bt»- 
iattj  of  iho  V.  S.  fbiu-ni.'ic.v^iMeiii.  \  .M.iqiiilI  or  ilio  <iei)i!nl  I'rini-iplM  <if  tbe  Science, 
MM  their  Ai-iilii-ntiori  In  Mtslioine  w>d  Fliaruuw;.  A  new  AmeHi-an,  fmin  Uiv  l«ntb 
EnelUb  «<litii>n.  siKviuUv  revi^M  t^  Lh«  AoUior.  la  one  hindnme  mjrai  12ait>.  Toliuue 
of  7S8  iwgtsii,  with  S7  illiutntiiina.    aoth,  $2.50;  lekther,  (3.00. 


A  lan-txwk  wblrh  paasM  UuonKh  tan  wHIImk 
In  alilsen  ><'iir*  it'iiHt  HaTa  Kaad  qusUtlaa.  ThU 
ramarh  i~  '  i-i(>tlnaMe  to  Alinald*!*  Cbem- 

lulry,  a  I  i .  •->  w«ll  known  thai  it  li 

hardlvn..        .  i.>  ni<w«  I/tan  milalhaappcsr- 

anf«  'if  Mil*  r"»  n,i<l  Impraraaadlllon.  ll«««mfi, 
tio«r«»r.  •I(»irabl«  to  |in1iil  wal  UiM  faatura  of  tiia 
bonk  wtikli.  III  all  Brob*b4lll7,  Imm  mada  It  •« 
MfMlar.  Thar*  can  M  llUto  doiiM  that  II  U  Ita 
ihoTouRhly   pmMtcnJ   «kar•ct•^  tha  axpraaalon 

balat  na«d  In  Ito  baai  Mnao.    Tha  auilmr  andar- ,  .„  ,„  „,  ,^„„ 

Manila  ■tialthoitadaDtoKKht  |n|fnm.ail4bBlilalMlwtJSMr(|iM(JaMiMl,  Jan  1 


10  put  hlmsatf  In  tha  alndobl'*  plaiM  and  lo  npfir^ 
claia  hi*  Rtaia  of  mlad.— 4*Mn(«  O^'fint  Jfmt* 
not.  .Iprti,  lAM. 

II  la  a  book  OB  irbloti  too  mnoli  pcalaa  aaaiiui  ba 
boatowad.  A«  a  tazt-bonk  tor  iDadl<r>.'  -Lr-iii  it 
I*  uiMupaaaabIa  In  tha  praaant  atai-  ^f 

ai4aa«a.  and  IwrtiMban  pt«f«r*4  *"  .J 

>!«»  towHa  inadlclna  and  phamiii  :.  ..     lu 

liidU|i«n«bU  lo  all  lianoM  anjtuad  la  Uoaa  4*- 
pnrWAMla  of  aelaaMk.  U  tiMliidaa  tha  wbola 
•kamUUT  of  tba  Iwi  ph«nnae<Mlft.-AiVle  Jfa*- 


BLOXAMf  CHARLES  X,, 

/Vqfuav  of  Otanif  tr;*  >a  /r>V«  OaUngt,  /rfndaa. 

Ohemistry,  Inorganic  and  Orffuiio.     N«w  Americnn  fmm  ih«  Afiti 

Aon   if.iiu'111.    tlmroiiKtily  ravtMd   wid   mucn    Imnfovod.      la   one   rery   hai)<lw)in« 

Toluiiieof  727  luttvrt.  willi  292  illUKtmliaito.  Cloih,  $:i.7.i;  twitlier.  5J.75. 

Coaimniit ft-ntn  ua  on  tMa  •Ua<tar<l  "oak  b  al-  Aamplaln  that  rhnmL-lry  it  a  hard  olndy      Mitrh 

oio-l  ■>i|wrflui<a».    Il  dItOn-  -aiikily  in  aMpa  aiul  alUtoUvn  la  )«ia  lu  aipaHmaotal  lIliuiratloM  nf 

aim  fNifu  ttiBl  urAllflaU.ajidlii  luwa/ I in---  ebaiBteal    »HB«ilil«<!i    an'l    phanomi-n^   Mid   Ilia 

bay*0d  erlUolxn,    ItadoptatfiamMtdl  <T«>deofeoada<3Clnath.<.>-rif«rlniaQta.    Thalnok 

odit  In  atalln^  thapr)aa1p(aii,h]tpolhfla*.  .i      .    . 
9t  ika  aatanca.    IialanniMt«  la  •t  larar  > 
■Bit  Ita  atraaMmanl  of  maUar   ao  Id|(i 
^uanc*  Ifaal  iha  atnil«Dl  narer    liaa  '■■ 


■Oaro 


aalatalBalhapaatllen  il  hasalwaya  h«ld  a-noauf 
lio  boat  tnannalaof  saDaralahanitairy  lailM  \t*tw- 
:ab  Uata^^^DttnU  Immtl,  P«-U  IJH 


W    V 


HEMSEN,  TRAf  Jf.  />.,  Ph,  D,, 


Prmciplos  of  Theoretical  Chomistry,  wiili  >ped«l  rafemiM  to  tha  Oowtito- 
of  t'lieminl  CVrnpT'iiiHlii.    SoAiml  nod  raviaeil  aiitiua.    In  cmm  buidaoaie  royal  l^ioo. 


▼otiim^  nf  240  pitfrea.     Llotli,  |l.75. 

Thath.  •ofawy.ar-  •  wMod  edliloi)  baabaaa  |  nawmaUarhMbaaniaUaduiilUva.'.bnlA 

eailad  for  tndleaiva  tliat  many  cbamkal  i«aGfaan\br«u|biavV»4Mi^   Wa  «aiT>«^u,i  evMbvuan^ 

aAvf  «a  iD*<ho4&    In  Utia  mIIUoo  a  ennaldanfata  \  JmrMi  flj  8ctMa.Vk«nV«vnk. 
of  iba  bode  liaa  bMji  rawHuao.  mach  \  ^^ 


10  Lk4  BaoTHias  &  Co.'8  Pdblioations — Chemistry. 

CSABZE8,  T.  CBANSTOVN,  M.  D.,  F,  C  5.,  M,  8,, 

Formeri^  AuL  Pr«f.  and  DtmoiuL  of  Chtmutrg  and  Chimutal  Pttyiia,  QuMn't  OoUaga,  BtlfatL 

The  Elements  of  PhysioIoKioal  and  Fatholo^cal  Chemistry.  A 
Handbook  for  Medical  Students  and  Practitioners.  Containing  a  general  account  of 
Nutrition,  Foods  and  Digeation,  and  the  Chemistry  of  the  Tiasues,  Oivans,  Secretions  md 
Excretions  of  the  Body  in  Health  and  in  Disease.  Together  with  the  methods  for  pre- 
paring or  sepamting  their  chief  constituents,  as  also  for  their  examination  in  detail,  ind 
anoutliuesyllabiisof  a  practical  course  of  instruction  for  students.  In  one  haadsome  octavo 
volume  of  463  )>ages,  with  38  woodcuts  and  1  colored  plate.    Cloth,  $3.50. 

Dr.  Cbkrlei'  raaauml  admlrmblr  falfils  1t«  lotra- 


formed  throughout  by  a  geaulne  scientifla  spirit. 
The  author  deslti  with  the  chemiBtr?  of  the  dlKes- 
Utb  secretlona  in  k  Hystematic  muiner,  which 
1««TCB  nothing  to  be  desired,  and  Id  reality  sup- 
pliea  a  want  In  English  literature.  The  book  ap- 
pears lo  utt  to  be  at  once  full  and  syBtematfc,  and 
HI  fihow  a)u»t  appreciation  of  the  relative  imporlr 
ance  of  the  Tarious  Bubjectn  dealt  with. — SriEu'i 
Mtdicai  journal,  NoTember  W,  IBM. 


tloD  of  stviDg  his  readen  on  the  one  hand  a  ram* 
ToMj,  comprehensive  but  remarkably  compan,  of 
the  maas  of  lacte  la  the  sciences  which  hateii»- 
come  indlspenuble  to  the  phystclan ;  and,  on  the 
other  baud,  of  a  ityetem  of  practical  dlreetiont  n 
minute  that  aoaljaes  on«n  conpldered  formldaU* 
may  be  pumuect  by  any  intelligent  perMn.— 
Arthira  of  Medicine,  Dec  ISSt. 


HOJFFMAJmr,  JP.,  A,M.,  I*h,n.,  £  POWJER  F,B.,  Fh,!)., 

PublU  Analyit  to  IhsStaltof  Xew  York.  Prof,  of  AtuO.  Chao-inthe  PhiL  OUKof  Pkarmoef. 

A  Manual  of  Chemical  Analysis,  as  applied  to  the  Examination  of  Medicinal 
Chemicals  and  their  Preparations.  Being  a  Guide  forthe  Determination  of  their  Identitj 
and  Quality,  and  for  the  Detection  of  Impurities  and  Adulterations.  For  the  use  of 
Pharmaciitts,  Physicians,  Druggists  and  Manufacturing  Chemist^  and  Pliarmaceutical  and 
Medical  Students.  Third  edition,  entirely'  rewritten  and  much  enlarged.  In  onereiy 
handsome  octavo  volume  of  ti21  pages,  with  179  illnstrationB.    Cloth,  $4.2-5. 

We  congratulate  the  author  on  the  appearance  |  tlon  of  them  tiingularly  explicit  Moreover,  It  I* 
of  the  third  editionof  this  work,  published  for  the  ezce|iIional[y  ft^e  from  ty p^g rap h leal  errors.  Ve 
flrvt  tiroe  in  tliiscoiiutrvalpo.  It  in  admirebteaiid  >  have  no  hesitation  in  recooimendlng  it  lo  those 
the  Information  it  undertakes  tii  xuppiy  la  lioih  whn  are  entcafced  either  in  the  manulactareorthe 
extensive  and  truxtworthy.  The  selection  of  pro-  tevllng  of  medicinal  chemlc«lB.— Aurittoii  Phanmi- 
oesxi'n  for  dt-terniininK  the  purity  of  the  wibstan-  ceutierU  Jourmil  ant  TVaiunetioiu,  ISSS. 
ces  of  which  it  treats  is  excellent  and  the  de^icrip-  | 


CLOWESf  FMAJVB:,  n.  Sc„  London, 

S.;iiui>-  Sfic'icc-MnKtfr  af  Ihe  Hi'ih  tkhi^il,  yi-icmitlt-uiider-Ltime,  ttc 

An  Elementary  Treatise  on  Practical  Chemistry  and  Qualitative 
Inorganic  Analysis.  Spfci.-illy  aduptci  for  use  iu  the  I^alwrntoriesof  ^«cllo<lk  and 
Colle^^e.s  and  liy  IJcginnerM.  Third  Amerirnn  from  the  fourth  and  revised  Englii-h  e<iili<in. 
In  one  very  liandsoiue  niyal  l'2mo.  volume  of  3S7  pages,  with  ft-j  ill  ust  rat  ions.  Cloth, 
$2.50. 

Thi-  style  Is  clear,  the  lanjEuagi'  terse  snd  vigiir-    and  text  book.— JfaJim/  Rfci.rd,  July  IS,  18IW. 
oun.     Hi'jjiNtiiiig  with  a  list  of  ftjiparatiL*  ncfessary        We   may  simply   repeal  the  favorablp  opioidn 
for  rlieniiral  work,  he  Kradimlly  unfolds  ihi'  suli-  i  wliii'h  wo  exjiresfed  after  (he  examinaiion  if  l^« 

1ec(  from  its  Htriiplf  r  tn  it-  miiri' complex  divisions,    jirfv  ions  edition  of  this  work.     It  is  practical  in  it* 
t  Is  Iht'  most  rradnljle  book  of  the  kind  we  liavt^    aims,  nini  accurale  and  ronciHn  in  its  jitateroeat.-'. 
(■el    n-en,   and    is    wiihiiiit   di'ubt   a  fysiematu",    — .l"ie/irnji  Joumn/ o/PAarmaCTy,  August,  1W>. 
ntelliglble  and  [ully  eqiilp;>ed  laboratory  guide  , 

BALFE,  CHABLES  JL,  if.  1).,  F.  B,  C.  P., 

A'tUfn^ii  l'hij^\r-ian  n(  fie  Lun-t-ia  lliispital. 

Clinical  Chemistry.     In  ime  ixjLkel-«ize    llituo.  vohmie  nf  314  pages,  wiiii  16 

illtislnitiiHiK.     Limp  flotli,  red  tilgcs,  $l..'iO.     See  Shuleiiln'  Srrien  of  Manwih,  J>age  4. 

This  is  one  of  the  most  Instructive  liltlf  works     eine.     iJr.  lialff  is  thoroughly  acquainted  with  the 
that  we  have  met  »illi  in  a  Ion*"  time.    Tin-  author  ,  lale-t  cinilriliiitions  to  III,'*  science,  and  it  ii>  tjuiM 


CLASSEN,  ALEXAJVDEB, 

I'riifrssi/r  in  the  Himul  Prihitirlimr  Sfh-ml,  Ais-ln-CI-npt.llr. 

Elementary  Quantitative  Analysis.    Translitied,  with  notes  and  additions,  bv 

ErxtA-B  K,  Smith.  I'li,  I).,  Assi.slant  Profetwor  of  Chemiatry  in  tlie  Towne  Scientidc  School, 
University  of  I'eiuia.     In  one  l^mo.  volume  of  3'2-i  pages,  with  36  illtist.     Cloth,  $2.00. 

It  Is  proliably  the  Ih-sI  mamisl  of  an  elementary  and  then  advancing  tothe  analyainof  mlneraisand 
nature  eitaiit  irisoiriuch  a-  its  methods  are  the  such  product."  as  are  mat  with  in  ai-plied  chemii- 
besl.  It  leaehe-  by  csamiilcs,  conmiejiciiii;  with  i  try.  It  Is  an  indispensable  Ixmk  for  Bludents  in 
Binnle    delermiiialions,    followed   by    separations,  |  chemistry. — Buslon  Juunial  of  C/TTJiKfry,  Oct.  ISTfL 

GBEENE,  WILLIAJtl  If.,  M.  D., 

Ile'iioiislrnt'/r  uj  Chemulry  in  the  Mtilicul  Department  of  tht  Univertily  of  Penmi/lutnia. 

A  Manual  of  Medical  Chemistry.    For  the  use  of  Students.    Based  upon  Bow- 
man's Medical  Chemistry.    In  one  12mo.  volume  of  310  pages,  witli  74  illus.    Cloth,  $1.75. 
It  Is  a  conclno  manual  of  tVvreo  \\undied  vwt^s, \  tt\6  vfefMi^pUtou  of  compounds  due  to  pathological 
rfvlnKAo  excellent  suinmary  of  the Xjenl. meUvoAa '  totiiWiitA.    '^'iw>  &%\MiL\.\mi  fit  ^(»oub  Is  treated 
of  analyzi  ng  the  liqnlds  and  BoUds  ol  Ihe  boAj  ,>»V\\  \  "sUXi  kMfli'Aftxi'.  Vi\tiTO»  Vn  ■Ci*  y™««  r».  ss^uji. 
forthe>'i-tim»tlonoIthelrnotina\cotistttaei\t*aa4\A«'(iVovvw<i^i«i«^«.-^'*<<^J^-^5<>«»^^ 


Lga  BRorn&as  k  Co.*a  PtrBLiOATiorta — Phariu.,  Bliit.  Med..  Tberup.  TI 


» 


BRuyroi^,  r.  lauj>eb,  jf.x>.,  d.sc,  F.&.8.,  F,R,ap^ 

A  Text-book  of  Fh&rmaoology,  Thorapdutlcs  and  Hatorla  Modioa; 
IndudiDc  ibe  Pfawmai.?,  Um  PhjoolceioJ  Acti'in  anil  ihc  Th«rapMiticnl  Vnm  of  l^jjB*- 
In  ma  bandaoofl  oetaro  Tokune  of  TOSS  pigM^  with  IdS  tlliiHtrntiuiu.  Cloth,  9&.SQi 
luktber,  V6.5a    Jul  raorfy. 

II  UftMiMtUI«u««UMV<inBj  to b* racked  wllb  i 
Um  hlgbMt  pTodueUona  la  i^yilolonr,  Bltbw  In  i 
onr  own  or  anv  «tb«r  IftMfiUM.     BTMytMu  U 
pn«di«l,  the  dnr,  hard  fima  of  phjrvlologr  mur 
pTMMd  Htio  Mrrto*  and  amlUd  (o  tha  IrMliBan 
of  tha  oonmoaart  conplaloia.    Tho  infonnalloti  I 
la  ao  ajratetaalteallr  anatiiad  Dial  II  t*  aialtiti>i«  I 
tor  ImioadlMa  a—.    Tbo  Indai  b  w  oar«(ul1y 
nonpllad  thai  a  rafrrmo*  Ut  any  apauial  pnlnl  to 
U  «M  oMalsaWa.   l>r.  BnintoalaaavaruilHAad  , 
wHh  vagiM  KNi<<raliUas.  bul  (iTn  olvu-  aad  pra-  i 
«!••  41r*ettoQ>  for  [iraacrlblng  Uia  vartoas  drus* 
■nd  p«paf«tloaa.    Wa  mai{ratulat«  ituilunt*  ao 
bvlBg  U  ImI  filaoad  In  poaaoHton  at  a  •(?iiiullll« 
tniaUae  of  anormaiiajwaclloal  Imporlaiir*,— TX« 

Of  all  Ifaa  oatneiDua  poUlMlloni  of  tliLi  J'tar 


apoa  Um  rattlaet  of  ItiamacoloKT  iba  cotapr*- 
kaniilTa  worii  at  BrunUio  !■  L-learlv  Iha  inoal 
ImMRaai,  ud  h  bavond  qu>Riion  iii«  ror«ino«l 
BBKliah  bMdboofc  (rf  Materia  M<-rt<'-a  a»il  Tl.onk- 
MOUeaaliieaibaiiiM&rtaca'rf  fvralra*  Elomenia 
of  UaWria  Ha^kwln  IMS.  It  la  orlatna)  both  In 
tli«  amncanaal  of  iha  aaliHala  aad  In  Um  mod* 
of  irooMiant,  aod  daralapa  In  a  «»niDr«li«D«lf» 
maniMr  tb«  ItiaBdaMoit  ulneiploi  «(  in*  Mlabw 
of  PtiMiaaaaloCT  wHhaat  taavlng  tha  nvada  of  Ui« 
praoUUoaar  out  of  «l(hl  for  an  ln*taitL  in  Uet, 
ihs  auUior  Una  vrUtan  ■  baoK  wHlob  daaar*«a  to 
l>«  kaiyan  far  beyond  tha  boundarte*  of  Bncln^' 
aod  can  wrra  aa  a  iBodal  fur  UM  pliannaMla(loat 
wotIc*  «r  Uta  eonitaaol  oq  Moonni  of  lt«  bappv 
cuaiblantloB  of  Umott  «UIi  ptnMlon.— I'lrrAoi*'* 
JiOrMWrioU.  Batlbi.  IBM. 


PARnisff,  edwaud, 

Lot*  Prof«uor  »f  tKt  nMryamt  PnUOtt  tf  Pttarma^  la  Uu  i'WaJ»»JMa  OalUtt  </  fnariaaty. 
A  TlOatiBO  on  Pbamiaoy :    dsugned  u  k  Text-book  fnr  tho  Storirot,  tmA  n*  & 
Ouitle  for  the  Phyuciio  tad  PbwmBcnitiri.    With  many  Kuriiiula  ■»!   PracriplloQi^ 
Fifth  AlitioB,  thoroughljr  nfiatA,  bjr  Tiiuma4  .H.  Wikuaxh,  I'h.  G.     In  one  hantltoaw 
oituto  Tolorne  oT  1093  psgo^  wiili  »0  iltuatniciuiw,    Clnth,  f->;  leatlier,  |A. 

Nolhoroti|b|olnipliannaielMvillCkilU)t«AMea  Kach  mo  baara  ond-inoa  of  tha  eara  beatowad 
biniaalf  af  ao  uH<rii1  a  gulda  to  praetka,  and  no  upaa  It,  and  cwacajra  laluabla  Information  from 
mrataiaii  vho  profwrlv  MUnutiaatbo  tnlnaof  aa  lh»  rieh  nioro  of  the  •Jiwr'a  osparlanoa.  lo  Ikeli 
■Bouata  knowtadgB  of  (ba  ratnadial  agantv  wm-  all  that  »!■;■<  to  pnicile*!  pbannKgr^oppanUoa, 
piojrod  br  him  m  dallr  pracileiv  ao  far  a»  Ibcir  nroMH***  and  diAp#n»1ii«— ui  baan  nrranfad  and 
mtKnitlIty,«iitnpallUln7aadmoalalTantl*aiti«lb-  '  daaerlliad  arilh  elaanma  In  Iba  Tarloua aapaMa,  ao 
ods  Of  eamblMUoB  nra  maacmad,  mb  afford  lo  '  aaioaObrd  lidudadrloBaUkalo  ibaKadaatand 
laasa  (bU  work  oat  of  Um  Hat  <if  thvlr  worka  »f  I  (o  Iha  umotlcal  nbannafiaL  TTta  work  la  JndU 
roftraiwa.    TIM  oountry  pntMlilonar.  who  mnH  I  oloaatr  illiialralM  wlUi  Kood  weodoab— jiauriMK 

'         "      Jonraaf  ^  Phamm/v,  JaaaM?,  IMi. 

Tbaro  la  nothing  to  «|iui)  PtrrUb'a  ftiwiatf 
In  Ibt*  nt  aajr  othar  langoaKc.— £«ndo«  ftMnn» 


nlwajra  ba  hi  a  maaaura  hia  owa  pbafcnaclat,  will 
flkd    II    ladlflMBiabla.— Lonunlla    Jf«d>Ml    .TnM, 
-Manhtt,  iu£ 

Tniawttll-ltQnwnirork  iwafania  Itwiir  nowbaaad 
upon    Ui«    recantljr  railaad  aaw    PluuiDaaotMBln. 


fYofntar  of  nywioln^  tn  Ik*  fj'trtnitv  of  Zunfk, 

Bxperimeatal  Fharmooology.  A  IlAn()W<k  f(  Methnd*  lor  ncterminii^  th« 
p(iiri.;,,l...-;tM.I  A,<;,,tn  gf  DniKi".  Tmit-lntvJ,  wiiJi  Ihw  Aulhvr's  pvrrabuua,  mkI  with 
f  '■■■'■■  KotiRBT  Mrauk  Smith,  M.  D.,  Dcmowtnitor  of  Phyntology  In  tho 

I  :.     '  I    :     h    ~vlvanui.      lu  iinc  1iium1)«uu«    12mo.  Taliime  uf    199    f$igfea,  with  S'J 

MAJSCH,  JOHKM.,  Phnr, »., 

i>tfatnr of  JliUtrM  StcJUaa-l  ^itn^  tn  rAo  Ptitlmiclp^ui  CUUg4 of  i^AofMac^ 

A  aCunual  of  Orgaoio  Materia  Hedion;  B«t«  a  Quids  to  Halttrik  H«cUa»  of 

I*  Vagvuld*  and  Aoimul  KiDgdunis.     Fur  the  uaa  of  StudioU,  DmigipitB,  Pharouciili 

'  PhyildMtf.    Saoood  Alitioa.    lu  one  knadttoow  rojal  liiiuo,  Tohitn«  at  &atl  pigea, 

Willi  -J42  ilhialntinnM.    Cluth,  |3.00. 

■SOallaiii,baIaKTafT  trnv  to  nature, anti  arc  itioaa 
wodli  Iha  tiHoBof  III"  ■      "  I  [fio 

imcUcal  pft<r«l4la«  h<   !  \Ht 

irofk  for  ^aod/  r«r»i>-  -nb 

In  Ui«  intmoiT  iho  kti  :ica 

will  bouny  alroady  >  lo 

bonrtUr  rooommaod  .  .  .   M«- 

pofttr.  Fab.  ti,  un. 


Thin  worn  ^itiltit  ihn  t'lKlnnrw,— ih?  pmrtitM 
"kemal  vf  I'l  ■  .    I   .      '       •    i. 

daot  ha*  o<-  - 

atri"]!!  ^r^ll;  ■  ...  ,,i 

^  r  ii  la  iHai  tho  diu^i  am  jilaoad  bafora 

a  manitvt  a«  lo  'ttmpUtf  f*ty  naoli 
iiijr  .it  UioEO,  ■n*blln^  iba  mtod  lo  gra»f 


Umri  mora  nwllly.    Tha  llliuinUMa 


BRUCE,  J.  MITCHELL,  X,  Z)„  F.  B,  C.  i>., 

Fhi/titiim  <ind  Carttirir  an  italena  MeAum  ttid  Thrtptulles  of  CAoHnf  O-oh  iTotfUal,  £o«dim. 

Materia  M«dioa  and  Therapoutios.  An  laimJiKtion  to  EtotiooKl  Tml- 
m«uL  in  otK'  puckn-^iia  l^mo.  yuhimc  of  >Vm  |>ase(i.  Liinp  cluih,  91-50.  Soe  StUfitmif 
S&'ia  of  ifunua]»,  [tago  i. 

OBIFFITIT,  ROBERT  EOLE8FIELD,  M.  X). 

A  Unjvenial  Pormularyf  comaining  the  Melhrxla  nf  Praparing  utA  Admiui** 

trritig  <  Ilticiitiil  nii>l  oltipr  Mnltcinat.     Tha  whuta  wlapt^l  Ui  Phjllciav>aKm.\.  WtarxnanecCkr 

iato.    Third  «ditJocL  iboroiixhlv  rerbed,  with  wiunirtnw  wVWvVmv*.  \«  Xt»«*  >\,-'>&.v"a« 

Phar.  D.,  Prnfamar  of  Mmtaia  Medics  nnd  Uuiany  m  il>e  P\\V\»\AYV.»,0\\*«t  A  "^W^tJ 

Ja  OM  ocuro  rafuoM  of  775  pieces,  with  38  Uluatntiwia.    CWCkt,%^W4^  \««S>.w ,V>»»' 


12       Lu.  BRorniHii  Jk  Co.'fl  I^uoatiohs — Blftt-  Med.,  Thenp. 


STFLLA  a,,  M.n.,LL.  !>.,  <C  MAJSCU,  J.  M„  Phar.l}^ 


NEW   EDITION. -JU8T   READY. 

The  National  Dispensatory. 

COHTAimHG  THE  NATURAL  HISTQftY.  CHEMISTBr.  PHARMACY.  ACTIONS  AW  iJS£S  OF 

mEDICINES  INCLUDIMG  THOSE  RECOGMiZED  IN  THE  PHAR¥ACOP(EIAS  OF  THE 

UMITEO  STATES.  GREAT  BRITAIN  AND  QERKAHY.  WITH  NUMEROUS 

REfEREMCES   TO  THE  FRENCH  CODEX. 

FourtJk    tdilion,   nrUtd   to    LMoAm',    lSi6,  ami    trnrrimj    the   imm*   Briliih    Fharmaeofoi^ 

Iq  oa«  aui«Di(k«at  inpcrUl  DCtsTO  voiuint!  of  &Ijiiul  17tK)  (Mftw,  wilh  S11  dslntate 
•DgravioKS.  Price  in  cloUi,  97.25  :  Imther,  raistd  buidf,  $S.OO;  rer?  ]u4u1k>r»  hilf 
Kunift,  nUaoJ  baoda  ami  open  back ,  $9.00. 

*•*  ThU  ttark  wilt  UfunaakM  mlh  Fitfm  Heady  S^mMM  Tfntmi4ttUa-  twi€t  /orlLOO 
in  addilum  la  Ih*  prine.  in  any  HyU  of  hituUitff. 

In  iLis  Dew  edtliun  of  Tkb  Xatiusaj.  Di^en^atort,  nil  Imporiant  chugct  to  llu 
KCeiit  llritNli  Ptuarmncopf  Li  ImTr  Inth  ii>c'uT{>itmlnl  tbn)iii;!ii»it  Ui«  volunir.  whila  in 
t]i«  Atl'l«i»ln  will  be  fouDd,  i;ru<iiM.Hl  in  >  cv>iivviiirm  Huciina  >if  21  |MKt9s  all  ihtnipeulied 
novcltief*  whUrh  li«Tt'  l»«!n  estittiliihf^l  in  i>ri>f(Hwi(.iuil  fiiTor  ilnre  lli.'  i>iiMi<-aU<Ni  '  *""" 
thinl  ctliUna  l*n  jrennt  ii|[0,  IVi.iil«I  inr<iriiiiiit'<ii  i*  Ihiw  xtTt-ii  iif  Uib  follinrina 
tli«  nmay  dnifiii  Ireuieil:  .\uti)ivrlti,  OK-»inf  llrdrKiliIoratv,  Ciwon  i^it^-nulit,  Fi 
Fiiin<-iMi»,  Torioiu  new  lilv^^rinA,  <>]^iuno> IftiliH,  Ilyilmqiiinoa,  Ilrpnoar,  InJol  Jan- 
tania.  LuuoUn,  Mriitbi)!.  i'hunnititu,  Suliilmiiliemil,  TIiAlIin  luiil  IrvtliMn,  In  liui 
edition,  lu  alwayb  before.  The  Natio.<«al  I>i>>rEN4.vix>KViiuj  be  snid  u>  bv  ibe  Kpracui- 
fttiw  oi  tht*  mral  rei«nl  Hinlc  of  Aincrii-An,  KiikIuIi,  Uemuui  nod  l-'rencli  lIuniMflokff, 
TlierapGut  ic*  und  M3tt<^^Ll  Mirdita. 

A  f«ir  Doiicoi  of  the  previ<^i»  edjlloD  are  apiK-nded : 


Comiirahpiid**  tn  wap*.  tmiI  la  dral)ca 

'  aptHidlil  In  «xe«ult<iB.  Ths  IlWIoiul  Pl*p«a* 

aonr  Im  Jimlly  ro(>rd«il  «•  till*  RKul  f  mniMlanl 


and 

•WtOIT 


I  Up  (A  lUt*.    Tb«  work  haa  lw«»  ••«*  wiH 


,     larce  numtwr  of  «xtnt-pIkNniMMmil  r 
aoajr  Im  li»lly  ro(>n]«il mum  rkuI  tmnorlanl  vorh     turliik  brao  willed  IoUmm  b>*bUMM  U  ] 
I  fif  IW  kfad  exiuL—lMiMPaia  JVnIuul  irowi,  Dml    •dMaaa.— £<m>taii  t«M«C,  Ki^v.  Vt  ISU. 

W*)ia*»iniinb  i>)«Mar*  In  rvmivllnit  Um *pp«*r-  '  (Itwmwioi  lt»d«iMrlpliT»laotiU*S<\Ui*l'u> 
KDM  of  a  tliird  *4lltl<tn  of  Uiin  eipcllfni  «r>rk  of  ^  naM  of  tb*  tTMimenl  of  Uie  Ui|ilci^  Ita  brvi 
nft>r<>ti««.    II  1«  nn  ■■lni<ral>lB  Blxinm  <<f  ktl  (hat    OBcrlflrtng  ih*  ilaslnbt*  faauirwk  uf  infa 

'  nlataa  to  cbvmtftry,  pharmnrj,  mkinia  niedlMt.    for  whlflh  *iMh  k  wo^  t>  B*«4«d,  mftk*  L 

I  yhwaoulon  ami   lhBrn|«riiln*     li  itiay   )h>  n-  !  nm*  ■  maripl  of  •so«llaDii«.--Fharaia(HitMal  , 

.  gudvl  M  r>nuHiilytnK  <>'<>  rh«/mar<i(<plaii  of  tbo    f«nl,  Auf.  U,  UM. 
-vlTlltsed  aatlon*  of  ilii^  wiirlii,  all  Vwinx  lirntiglu  i 

PARQVSARSON,  MOBEJiT,  M.  D., 

l^t^tr  on  X<\ttTiit  Sirdtat  at  St.  Slan^t  BotpiM  JtfaJioni  AAooL 

A  Ouide  to  Therapeutios  and  Materia  Hodioa.  Third  Aawricwi  vdltkn, 
■jMKtBllT  revWd  hj  Che  Author.  Enlai^ed  nnd  n<la[>t<>d  lo  th«  U.  8.  Plwmwoaaak  bf 
FjtANK   WooDHUKY,  M.  I).      Ill  one  handonme  V>mn.  valnmeof  534  pujce*.     Clota.  MJfci 

lit.  FarquharvoO  Tti«np«uiKM  la  oonatrneud  nmnaKl  |»Mf  ■  w*  "lilg  ponumlng  iha  m 
foti  a  plan  wliinti  hrijiK*  bsfara  [ha  rMtlar  all  lbs  phTdolosical  a«<Uoaaf  Ui«  m»'ticini?.  aoJt 
laantlal  peintB  wt'h  nUnnc*  to  tht  pnptnitv  ct '  th«  dlMBM  In  vhHrhobavrn-n  iwitoana 

■  mriillannii)  har*  nMaliiM  rratn 


Upixi 

aaaMUlal  peinta  .  ^     ■ 

dnifli.  H  Infirafiai  tfaaa*  apoa  bltu  In  Mll^h  aw^y 
M  la  MuMa  Uni  to  Aka  a  cWar  rl«ii  or  lli«  aottona 
af  nadlninoa  and  tha  dlaonlatBd  oondttioiu  in 
which  tb«7  rnoM  prora  luofUL    THa  doBbl«-eo)- 


milW— inaks  a  vciy  good  airaoKainvnl. 
vliaplar  conlaL 
taaC— Cbaoda. 


vliaplar  conlatDlne  nil«*  for  prMcriUag  ImmI 
3ted.  »nd  Sttrg.  JmrmiL  Uaa.  MK 


EDE8,  ItOBERT  T,,  Jff.  X>-, 

A  Text-Book  of  Materia  Medics  and  Therapeutioa.  Itioneocu<raTolBBaj 
of  about  600  pagai^  with  il  but  rations.     J'reparmff. 

8TILJL±,  JJ^FBED,  M.  X>„  LL,  J>., 

Therapeutics  and  Mikterlb  Uodica.     A  systematic  TrmtiM  on  tb^  Actim 

tJae»  (if  Mfliciiuil    \g«uw,  twA^iflioi  \iiw  \><acTvV^«»o.  «.«A  UWofy.     Ft>urtb   «■]]  

revised  and  enlttrtted.     In  tiio\fcrs«  wsA.N»aivSa«to«  -i,^->'^ 'tAxTOu^^iwAiW^snfc-^^^-^ 
Cloth,  $10.00;  lealh«»,»i2.Wi.  ,en\*»a4w^*'»»'^^^^*'"^»*^«*^^^^»*- 


>8Ei*u,  M.  j>.,  r.  r,  J*.  A, 

A  Treatise  on  Pathology-    In  oiw  very  liaiulMiu«  octavo  Tolame  of  820  pagM* 
with  339  iKSiutifiil  illiwirfttiftrei,     ('Uh,  W.Wf;  lullwr,  $ft..M>. 


Tim  «nck  bafora  ua  iraMit  Ih*  anbjw^t  ri  Path* 

olofCT  man  «it«>iutitBly  Umh  it  l#  a»ul)r  mM«d  | 
In  umDu  wnrkk.     Msdlcal  atudanU  a«   mvW  •■ 
pbralriAni,  vlio  JmIm  *  work  tbr  lUdT  W  r*fcr-  ; 
•iMa,  ihM  tmua  iha  KibJ*i!ia  In  tha  VKrioui  do- 
(MrtoiABbi  In  a  v«r5  tiiMV'nih  miuiner.batwillwvul 
prolUlty,  wllJ  rartalnlT  %\f»  ihU  ona  Urn  prater* 

enc*  10*11)' <fttli  wnieh  woftMuqiulatM.  IlsMa 
forth  Um  moat  racant  dlwMrariaa,  ajtblblU^  ia  mi 
lnlar«MlA|[  nunD*r,  Ui*  cIubkm  Xram  %  ikomal 
MMdltioa  flff«cUHl  Id  ■triieiuT**  by  dlvaww,  ud 
I  out  Ibv  (^)ukr*f  U)il>ll«  (A  Tarhiiu  niMbid 


partAnnlof  maetielnallMt  laaiMMfljny  alarldatwl 
unar  preMQi  kB«wle<lK*  Willi     mlL— RanwHUt 

JTadinri  Ham,  Oct.  UU. 

Oa«o[thtb*M  fiMtnneof  Ihia  Li««i]**«onfM> 
Id  ibv  jiidlrUHia  admlilunaortbiwlBn  obae.-ollaa 
with    (iHratfl  •>p«rl«nir«.      TlliH  Tha  M1l}^>^l  In 

tireaoauKl  id  a  liiinnanloiM  mwtBar.  fhallll«<lnc 
he  fliqdy  Of  tlnKie  lopt«  «ad  SMklnt  thn  ahUm 
vtriunM  nroDUbM  ana  ptoMaat  rakdinit.  TIm 
tulbor  wdRdw  U  Ua  doMrtpUon*,  gBn*Ml 
paiholonr  m  woU  m  Ihn  tpMlal  patltolof  ImlliliU)!- 
"•'Vl  "f  w*  dIHhraai  ajrileoia  Mid  oritaaa.    I]*  haa 


■■•B0iw.MUi«ih«7cvib«aM<l]rr«<wiil«ML  Bat,    auoovMlvd  \a  ott9r\a$  to  fUd«ata  kmI  powiltlon- 

f-    ....  .        fir»ath(wou|' '  '        "" 

,  I>*0.  S3,  USJ. 


DotUmmdtaroaibldHwiatiir.llciplKinBdilljrbOit    ma  thoroughly  Mic«p«atbl*wark.~Jfodi«alA*«r4, 
Uh  AiBOUolU(rfonpUUU«dlriUirb»db]ri^Dun»aJ     " 


oandiUoma.    Thsre  U  oaUilac  boliMiclfig  lo  !(•  ■!«- 


GREEN,  T.  HENBT,  Jf.  !>., 

X«er«r«rtMi  /^HA<rf«gy4arf  J/arMdj|fM(0*ya'C&«rta)^Oti«iJTa«rUatiradica'Sr*ao<,£«a«(«ic 
Patboloxy  &ad  iCorbid  Anstomr.     nilh  AnMnicsn  from  th«  MBtb  rvTNtd 
and  anlmrf^  En^lUi  «dltioo.     In  one  TeiTiuiiidwm*  ocUtu  Toitme  of  483  fgtt,  wUb 

Tlia  Cvt  ttini  iliia  wa114c(to«ni  trttlum  h««  an 
nptdlr  reitiehed  lU  xlxth  Mltlon  UaitrooK  «tI- 
danc*  <if  llA  (lapiiIarUv.    Tlii>  aiil))'ir  l«  (o  Iw  nan- 

KHiIal«d  affin  the  thorouchnAaa  with  whkih  k* 
pi«Mi«<l  llilavnrk.  Itla  th<irou^ljr  *lwaaM 
wtth  kll  the  moM  r«««iil  MlnknxtM  Ift  palhatocr. 
No  work  In  tha  CaRlUh  UuguaM  la  m  i^minms 
•dapWid  Ic  the  want*  of  Iha  •bidMllMMl  kraell- 
ilnoar  bj  thla,  and  ««  wiHild  racpiBmaad  It  moa> 
««m«all]p  to  «Tenr  nnai.— .TatJbnttt  Jpurnal  af  Ifafc- 
«««t  oad  Smrft-y.  Ko*.  ISM 


An  axlaodad  ravlaw  at  anoh  «  watMtkOWH  book 
la  luuMOMaaiT.  W«  bad  alrcftdv  ragafdad  tli« 
bnok  aa  a  uioiMt  of  Ita  kind,  and  tha  author**  aa- 
•uranea  tui  ha  ball«t«a  tk*  *r*Mai  «dUl«ii  to 
folly   np  ic  data   will  ba  iwoalnd  •■    Rufllor 


pro>)fthalD«tbiBK»riaiporUtAc«hMbaaoomi 
Tha  book  haa  bwan  (dimC  <*arafiill]r  ravland, 
hear*  u  pnn  arerr  p*s*  f**  nariia  of  tha  nwa 
■caiira''/  tli*t  ha*a  wan  far  tl  an  fiiMrnatlARtl 
r»nulaUon.— .Vna  Yurk  MliSUai  tmd  S-ravMi  Jour- 
mal,  Jal7  la,  t«M. 


» 


WOOnHEAD,  Q.  STM8,  M.  J>.,  J*.  JS.  C.  J*.  .R, 

ItVMOiMrarar  «r  PalhoUtn  la  fJM  fMtWwfQr  af  BMnbrnrfth. 
Practical  Pathology.     A  Manual  for  Stiidenunnd  Prartitiooen.     iDooebMu* 
tifiil  ortHvg  volume  of  ■197  patg^  wUb  138  cxiuiaitvl^oDlorad  illiuitnUioiu.    (Jloth, )S.OO. 

Il  tiTOu  a  real  Kiiiil*  Tor  the  atiiilciil  and  pntfil- 
ttMMr  wha  ia  (horouihl^  la  aarnaat  In  hla  «n- 
iaatw  10  aaa  far  himMlf  and  do  for  hlmaalf.  Ti> 
(ha  latMnUoTV  atiidaat  II  will  ba  a  halpfnl  eon- 

KJiM.  aad  <JI  ih(MW  wlio  may  wUh  ta  fhtnlllartaa 
iiw«1*««  with  modarn  mathoda  of  •aaralnlng  '  a  raluabla  utoilC' 
moTMd  ilaauH   are   iiraagly  urged   to   prorMa  , 

aCUlFER,  EDWARD  A,,  f.  R,  8,, 

dotatenl  iV/ataor  of  n^Molon  «•  trotv^rnfy  OMagt,  lamOim. 

Tbo  Xasentlals  of  Histology.     Xa  ooe  ocUto  volume  of  24Q  pagw.  with 

281  iUtuitrntioiu.    Cloth,  $2.2o.    Ju«i  rmt/y. 

Till*  nhon  rolnma  misht  bapallad  aoninpanloB  I  wall-wmi  Ri*c«*ai,aamad  by  tlia  UtliM  aad  •lltl- 
baoktftOraea'iPalholoiiy.  and  Dill  the  Mme  place  '  itent  ptinnU«f*aa«IIeao«lB  praaaataUoa  or  ihu 
Is  hlatotogrtlialaltar  oNuplnelB  paiholoay.  TM*  •■wtnllal fouadaUon of  all  tm*  tnadlral  artaDoa. 
toaklaaoahon,elearandMaiieuloTT.vtolDT)i?    sine*  tUe  mw  vurk  oT  PnfaMW  SelUfer'*  will 


ih«tiu«l*M  with  thli  manual.  Tba  aaiaMaua 
drawing!  ara  not  flwelad  pleturaa,  or  mart^ 
•OhaaiaiM  diacraau,  bat  they  rapreaont  (altbfblly 
Iha  Meinal  Imagaa  aaaa  undar  th*  wiloroaaa|»a. 
Itte  auihix-  m^rila  all  pralM  fbr  hatl&R  nrodn«ed 
Ic— JfaflMf  Ut^rd,  May  sf.  um. 


Iianiiaj. and rapay  aay  Uma  naAllDdolngio.    Wa    doubtiaaa  ba  abaadfly  piaead  npMi  IliatUlof  last- 

Ihlnk  tit*  beeit  dM«nrlDK  of  tha  hl|[heat  praUa.  '  book*  ro^ntrad  la  arory  mediu*]  eAllege,  «•  tael 

— ,Ym*  Ortennj  Vad.  aaif  Awy.  Jtmrml,  liar.  IMA.    '  that  It  naadi  no  fkirthar  raMiaimoDLtallnD  ■!  Mir 

Thla  a>4mlT»Ma  work  I*  a  «hc«HiiK  exawplaof  ,  handa.— <Ua.  Jawr.  <f  [X  J<«J.  gotaK**,  Jaa.  UM. 

KLEIN,  E.,  M.  D„  >,  JR.  &, 

Elementa  Of  Histology.  inoDepncket-cuel2ino.roliinic  arS60page«,  with  IBl 
illtiR.    Limp  cloth,  rvA  eA^m,  |T..')n.    8««  Stvdntif  Striti*  of  MomwUm,  paga  4, 


Tba llhiatnUoaaar* nmaaroiiaaBd asotlteDt.  Wa 
ooramaDd  IH-.  Klaln'a  Stm^itM  idobI  baanity  M 
tba  atDdant^JfaAMJ  Jhaord.  Dao.  1,  UHL 


AlUiotiKh  «a  alaaHBlary  work.  It  la  by  no  meaoa 
aapciflriat  «r  lDM>mp)«t4k  for  tba  aathor  jiroaanta 
la  ooaalaalaugiiMa  Mar l7all  the  fundamental  facta 
vaRBrdlag  tha  mler«aeuple  wUncxui*  at  ttma**. 

PEPPER,  A.  J,,  M.B.,  31.  8.7 PTlL~C.  8., 

Burgtem  mtt  JL««Hrw  at  8L  M*nfi  H^tptlai,  London. 
Surgical  Pathology.     In  ona  pocket-aba  ISnm.  Tuiiitnaol  Sil  pag«B,  with  91 
UltiatnlioDs.  Umpt'l<ith.r«(lodg«,t2.00.    ^vtStwUntd Strim^ Mm,}taU,^a^A. 

It  la  on*  pratetillcnis  but  11  will  aarra  ex«a«d-  {  llllKdntlad.  Tha  atodaat  will  find  In  ll  notbloK 
laciy  well  a«  a  book  of  r«f»rao«a.  It  anbodtaa  a  '  that  in  oni»aea«aafy.  Tha  Itat  uf  auMMto  w*an 
p»al  daal  of  malMr,  aitandlni  orar  tba  whcda  '  Iha  whola  r»ot*  of  auricary.  Tha  baoa  aappliaa  a 
laid  of  Rurgleal  palbotofy.  Ila  rem  b  praotloal, ,  r»ty  cnaalfVat  aant  aiid  abould  tnaai  wna  auo- 
lu  tanpiaga  la  elaar,  and  Iba  InfcnuCtaB  aat  Ptim.  Sum  York  tIaitaU  Jtnniai,  Haji  31,  iMc 
forth   !■   waU-anaagod.   wall-ladMiad   aad  wall- 1 

Cornil  and  Ranvicr's    Patholo^o^  B.\aXraVc»^.— ■^tv\i»\»\*.\V  ^.  ^^. 


.VMtNWfljW^ 


pntf.  of  1/^  P'Vielpi— nnitt*nitti4i  of  X*i.amd  of  Cl^»l*i.*m  BMk%»  BaipOat  MtiU*>  QfOtat,]!.  T. 

A.  Treatise  on  the  PrinciploB  and  Practico  of  Modidno.  Dcmgiwil  far 
l)ie  iiM  "t  KtiiiliwtH  mil)  I'mctiltonrrtt  of  Molicim-.  Ntw  fuxtli)  MliLi'm,  tliomu^lilj  it- 
rual  ftn)  rewritten  \ir  ihe  Author,  luwiot'vl  liy  Wu.i.iah  H,  Wmjjh,  M.  I>„  rrofMXCof 
PatboLiK*.  Joliris  I[>ii>kiru  Unn-frsiiT,  Bdliniorc,  uml  Ai'CTis  Funt,  Jil,  M.  1>.,  ProfaKir 
of  riifMiologY,  HuUfiviie  Ilua|iital  Xc<1u'al  t'ollcgv,  .N*.  Y.  In  one  very  hjindamue  ixfttro 
voluiD*  fit  abotit  1170  pnipw,  "rith  illiMLraUuiM.  Ctoth,  Z<>-W\  )*«tbcc,  $4.90;  ray 
fakjiilsouie  lialf  Roaaa.  ntani  MO(1^$T.04.  Jhm(  ntuty, 
A  few  nuticcfl  of  the  )>reviuu«  editloo  are  appeiMJed. 
A  wall-knowB  wniot  and  IwnarvTon  mMtlutn*  |  Tii>  work  Is  ao  vliMjr  ktwnm  ui4  wjomodM 
rwwntly  •tffM—d  ftn  ■pinion,  la  Uto  hlKh««l  Ak-     '  <<  rierl^Mi  loit-book  of  thn   pr>«l«n  of 

gr*a  eMnpdmvMHV  of  Ifa*  MiBlf»bla  uiMtl**  nf    i  at  tt  iroald  H«m  ttardh'  irorth  whItoM 

l)T.  Pllat,  and  h>  •uIosUIbb  lit  ha  dfrBCttti^'I  It  f><-      <  ■'■»  BAh  pdtllOo,  wiirlhlDg  mon  Itaaa  a 

0(im*l7M*'rt-a^»l»i>aadral<aM«,''    N    i    -  isuLugaritica.    Rui  «*itii  thv  moM car«ciT)>aiant> 

Ib  mora  caicuLaied  to  rbchalD  Uie  >ni'  'taUon  «hbir«  lliat  n  b,   ptMCiirkll/,  miuib  OMra 

a(a<i«ni, ui'l  naao  bettrf  elw«ld«w  iii"  '  thao  am*!**!!  ^Iiloa;  II  i*.  In  tkm.  r«(h*r  ■>•* 

noiu  ■uVlecl'  inoiudtd  In  It  tt  ha*  ftltnoili  >-j  Ihr  vork  IhrOHgbiMiL  Thla  ItiaUm  will  anduaHudlr 
wm  lla  wajr  Ib  EKglwtJ,  that  aa  XavoattAertM*  I  ranUnn*  to  butd  Iba  flrat  plaea  In  Um  WUlBadn 
nnmber  oif  mea  oaa  11  alciaa  In  lh«  tUidj  of  pur*  of  AtiMrl«an  phyairlatu  and  alMdrBnlai  N»  Ma  of 
mvdlahw:  uid  »«  mu  aay  of  li  ibn  It  la  Id  »T«r7  our  BMdhwl  wrlWa  apprvfttthM  PTobMor  Ptlu  la 
war  adapted  h>avrT«,  not  Mily**kumplM*gQiilaL  ,  «l(*rMMafdloitaa,  brawlUi  of  rt*»,and,*kal  •■ 
buialWManaaipla  tniinieUir  Ig  tka  «al«ar«  aiid  ra«anl  of  Iraasveailaat  Iminrauinn,  rsiliiu.'  *>tl- 
prat^IlM  or  nviHlWno.    TTiA  ilyU  of  Hf.   Plliit  U    maX«  of  Uta  ««hi«  of  raaMMllkl  a«»i'i  -  '    r- 

a!*a]r*P'^'^'*^*'"'°°>P'R*''B'     TTi*«<iTk  a1»rin>l'     nii|{li1y  proftiml,  thw^ft)**  jnw-^ai I '  t 

in  nRnpictiuiiNa(pl*naUa<i,aa4l**n»MtraJn«&la    tor  Aw»fl«a«  raadata—st.  tort*  Pti-  -     -t. 

laK(-lKH>li  ar  madUna.— tMdnt  Xadiaaf  ffaM.         { 


MARTSnORXK,  ITETfRT,  JT.  JJ.,  XZ.  !>., 

BsBentials  of  the  Principlea  and  Praotloe  of  Medloind.    A   HumI 

ii>r  Sludeiiu  nitd  I'nu-titiuiwn.  Fillli  ciitiun,  diuniu^lilr  revtMKl  and  retrriUcn.  loube 
roj-al  l^nio.  Tolume  nf  409  pagat  with  144  illuMniioaB.  Cloth,  $176;  half  bauud,  IHLjOOl 
Wllhln  thaeomwaof  mSMipMlt  Inau  orih«  i  iklaona;  aa4  probaMynrii  one  >rli*r  la  oar  dtf 
UtUM>,  jpaand  patholoD,  s>nvral  i  had  abrttaropportonltr  - 


3 


hlainrj  of  mad 


'dUtlnf,  Miaand  natholqn,  «nvral  i 
Br.and pliyaiaal  Aa«uautiB»H<llac  | 
laryanaoiip'i,  ophlhaunoMopa,  aui.).  B*aaral  lhar>  I 
•nutka,  uoMb>i[x,  and  wacial  paUMMrr  lod  ptaa- 1 
liitn.  1'tivrti  U  a  wni)>l«rAi  t  ninoaat  anabrmadMi 
ciniUlnM  In  liu>  oiirk.aDd  U  It  a»a  of  tlM  iMaC 
pi  II-  kiii'i  IhaJ  n  !!«*■  >MHI.— OlotfoW  Midical 
J.-  1  H«. 

. 'iitjia  hnnfc.     Tlowk  aivr  BXlilbliail 

a  I  ^^r  of  filial  prMMleal  IrMtimcnl  than 


had  atwtMr  opporU>nIlf  Ihaii   I<r     HarUili-iriia  fw 
«04tdaaalait  all  ili«  rietra  of 
JalaaUno.    Tha  nnmamux  :  t« 

varr  oaaftU  b)»4ad«&tB  «aae< ->.  -r.. 

ilaia,  a«  tb*  nam*  auMaab,  njH  r»^t  iui«aii»d  to 
«up«twde  tba  te»-book*  af  Pllnl  and  Barthabw, 
bat  tbaj  aca  ihm  moat  *aliiBt>ti>  In  attardlu  tka 
maana  Id  aaa  al  a  flatwo  lb*  whnlt>  llioraianal  aa^ 
dl—aaaL  and  iha  moat  >aliiabtowg»pnfH  Oiwaa 
Jfatfiaal  AanMJ  Md  JtoiMiaar.  Apm.  m 


BRISTOWE,  JO  JOT  STER,  M,  i>.,  R  R.  C,  R, 

ph4f$lt*it^  nnrf  Jenmf  Lrttvrtr  tm  Mr-Unit  a'  A'f.  TikuwaV  Uotptlai,  Laitioit, 

A  TreatiBO  on  the  PraDtioe  of  Kedioino.    ffftvn  '  s  ■•■—-' 

by  the  A<>il>.>r.    Kiliicil,  with  ad.lilinmi,  hy  Jamc  II.  Mi"r<:ii 

PnUMjIvnlii!!  H<*<|iiU'il.      In  not*  Iniulanmi*  ncuvn  vuliinie  iif  .< 

C1»ih,  t>VtH>;  Ituither,  {4.00;  wry  lianUome  hiiir  KiiHia,  rai-' 

Th"  hn'iV  111  n  TTiriifi-t  rif  fTtnf!*<'Hi'-«.  iKr)  t-rtn;.    sir!  |  ni'-(i~<'.  •■  • 


1 


1)1 1 
1.. 

rail  !■  ii-il-lK-*!!.-  Ill   III"  r  ini|-."i'i.'i'---'-  "ini  niii-ii 

II  cif«i«  llw  wbol«  iHWof  niii41etnc.— J/i^A's«B 
M"'  <al  X«rt.  May  10.  IMil. 
HI'  tieoaneyia  thit  ponr«itiir« of  dU(«M,  lit* 

fim<t  In  alatlDg  ■ubtle  ooillla  of  d:aKi]iKl>>.  anit  ll>« 
CaillifoUv  ■lr«B  pathotasf  of  aHnnrniri,!  proiwura 
bam  avliloin  bMn  nirpMMd.  Ua  aMbtaeoa  laaoj 
diMvu  BMOMially  oonaidand  lo  b«lMcl«*ta*o'r 


itlaand  Iniaa. 

'')' ■  "■■1  1-' tij  rtaiJ*«.ta 

iiwlFulliHialy,  mitd  dnivii 
...uj  jyiiT-Dtaaj  Ai>«rur.  Da- 
>'''ip 
T'k  Hod  r*ac7  moMtvabla  antfKl 

(■on '  >-piaclloao<  nadlcin*  aUr  P**- 

antMi.  lu  ■  'ij't*-  Ml  int*  elaar.  uilaMvtlac  a»d 
oo«i''Jaa.  Th«  Hldilloiw  made  by  Dr.  Umehlaaaa 
an  approprtiUa  and  pmciwai,  and  giuMjy  add  la 
ll>  nMruimea*  MAiaarlau  nMmn  B^ln  MM- 
iA«/  (out  Airginl  JiwnMl,  March.  Utt. 


WATSOy,  STR  THOMAS,  M.  !>., 

Locturefi  on  the  PriDoiplen  and  Praotloe  of  Phyaic    A  n«w  American 

|V<ini  lliv  liftli  RnKlinli  «OUiini.  (idilwi,  wilh  lui'Jitiun*,  ami  I'lU  illu.ttmtijna,  bj  Hkxbv 
MARtsnoasB,  A.  M.,  M.  0.,  late  Professor  of  Uysiene  in  the  L'nivertiitfof  FvRnayh-nnn. 
IniwuUrgaMtavoToluniesol  lil40  pages.    CIntb,  9C>.l>i> :  lentber,  f  11.00. 


LECTURBS  ON  THE  8TUPT  or  HCVER.  By  .  A  TRRATIBR  ON  PRVTR.  By  Roatar  l>.  Lwn^ 
A  HfiaoM.  M.  II.  M.  R  I.  A.  In  ana  oclare  K.  C.  C.  In  im«  hto.  vi>|.  of  xm  pji.  CloUi,  IUt> 
Tiliiiu  of  »4i  pair'a.    Clotn.ttJW  I,A  ROCHE  ON  VKt.LOW  rKVER,  ooB«iilM*d  tn 

sroKBif'  r.F:rTttHI«  on  FKVRK.  Edliad  by  lu  [Il>u«wal.  faibc^ofMa).  Etlol««iaal  and 
John  WlllUm  Moore  M.  1>,  P.  R.  Q.  C.  P.  In  Th«<n)>rvllr«l  Retatloot.  In  twolaimaiid  kaa<K 
oMotflaTatAlumftofimpacaa.   OwVtUP^        ^    aiKMo«ta*«Ti)liiHie»DriliMpp.    UMtk.STiU. 


A   CEXTCItT  0»   ARnnWOA31  IIIK.OM3UR1E.  ITI*^^*:!*.   T^    ^»wJIL-SL-g^M*>,»„\. 


LiA  Bbotbibs  a  Oo.'b  Publioatioim— Bjwteiu  Af 
For  Saie  bn  SttbaeHptton  Onty, 


EA  System  of  Practical  Medicine. 
BY  AMKRJCAX  A  IJTUORS. 
i  Editkd  by  WILLIAM  PEPPER,  M.  D.,  LL.  D., 

rBoV( 


rBovosT  Axo  PBormoB  or  tub  niBoitT  amd  rRAtn-icE  of  medictsix  aud  or 
cuKtoAL  Hicntcnnt  th  rns  uVTVEKarr  or  rsitKHVLVANtA, 


I 


Awialed  hj  Louu  Staeu,  M.  D.,  CUniol  Profoenr  of  ibc  PImuck  of  CliIliIr«o  lo  lb« 
noBpiUl  of  tbc  \Swvct\tj  of  PramT'lnuiiA. 

Pnet  per  nVtime,  <■/->(*,  Ifi;  fraJA«r,  fS ;  iai/  i?uwui,  niuwi  hamU  and  opm  iMck,  |7. 


In  lliifl  gnjal  wnrk  American  mctlldae  1ft  Tur  the  flrat  tinie  rcdectod  bjr  lu  wnnlilcH 
<ou:h(m,  wtdpniMntvd  in  lh«  Tiill  ilvvclnpnicnt  of  tlie  iitiu>tial  iilUilr  whicli  ia  iU  ]ire- 
vmiiK-ul  vliuHotvriBlic.  Tho  luuet  iblo  lutn — frcHii  itie  Eiut  wul  Ui«  Wait,  fracn  ihtt 
Nurth  uod  llie  South,  from  all  the  prominenl  renlrr*  nt  tAwMXaa,  ftnil  fmm  nil  Uio 
biNipilKls  wliich  Kllnrd  spvcUl  i-piiirtiinitirit  fur  itimlT  niul  iimctiw^^hsTe  untt«il  in 
gnmroui  rinlry  to  brmif  lugvthcr  (lito  viu4  ninnvi[a.tc  ui  4p«i-lklu«>J  experience. 

Thp  iltHtinfpiitihct)  istlior  hu  k>  nfinnrtlbn«il  the  work  thu  to  eaoli  amJior  hu  bMO 
nwiga(<d  the  oulijvct  whicli  hv  a  jiM-iiltiirljr  filli--<l  to  discuap,  and  in  wliicli  hiH  rivwv 
will  hv  ucocpu-<]  w  t)io  Utt«i  vxprtMion  at  siucntitio  uid  pnctical  knowledee.  Tlit 
pnitilif>n«r  will  tlirreforo  tiii-l  llit^^e  Toltmift*  itcomiil(4e,aiiihnriutive  nnd  unfailing  work 
of  nfirannr,  to  which  h«  may  at  nil  limn  Uirn  with  Tull  wrUtinly  t4  findiim  what  li«  nwd* 
in  Iw  moM  ranent  Mp«>ct,  wlieUtcr  he  Koeks  infomwiion  on  tlie  Keneral  prinGiplesor  moili- 

»ciiM^  or  minuL*  guichaoA  in  the  Irmiin^nl  of  !t|i<^Al  diwiisc.  So  wide  is  the  amjie  r>f  the 
wurk  tbat,  willi  th»  exception  uf  mi-lwifcry  ;mil  niullen  Htriclly  t>iiri;ii-al,  it  pnilii»i'(»  the 
whulttdonwiuuf  miNlirtnr,tm'iitilin^tliv'.K'|>a.'imcaU' for  which  ihe  i>li}'»ii'iau  U  ii4-ciiKt4inii>d 
IA  rtlj  on  special  tmliMs,  aiich  m  ilt»eiiM.«  of  wdmen  artd  children,  of  the  j^^enito-urioarx 
■ommiytf  iheskin.of  (he  nerves,  hvgipiic  und  tnnilarv  «ctt!n<-e,  an<l  iiieilii-al  i>|ihlhnlinalof[7 
•in  McilogT.  Morvorer,  aiithon  fiiiTt  inwrted  the  furiuulaj  which  they  huT«  fixind  luiNtl 
•ficinit  ill   the  trc«lniPnL  of  the  vuritHia  nl)e(Ui>n«,      It  innj  ihiu  be  truly  ri-^nnlnt  na  a 

tCOMrUCTK  LlUltAKY  or  I'KACTK'At.  Mkdicikk,  utul  ihr  )j;mvnil  [)ra>  I  I  r-^^wing  it 
tuay  feel  eeciire  that  he  will  rtijuire  little  el»u  iii  tiic  daily  round  of  i  ;  duiiefl. 

In  tipitc  of  erery  cfliirl   tu  cou>Ieiu«  the  vii»l  aiiiKiint  of  pnu'li-.. ...ition  fitr< 
nUhdl,  it  has  Iieen  impotBiUe  to  preaenl  it  in  lew  than  ft  larf^  ixIiito  volumeis  (onrninint; 
ah»ipi  >^HH)  Wnutifiiliy  printed!  pajftw,  bimI  eiftbudying  thv   mailer  of  about  li  ortlinary 
^ocww.    llluatntiooi  an  intioawiM  wherever  m|ui«it«  to  eluriilate  ihe  text. 
A  ieUSgd  pntptetm  of  (A«  Hvr^t  vtU  be  anit  to  any  wfcfrru  on  oyplitnihn  to  lAe 


Ttila  macnlflomt  wmk  baa  ADod  m  wltli  f»«l- 
Inc*  of  warm  tdmlrMloa.    It  la  adonied  wtitt  a 

BTaiy  af  AuiuMia  namuii,  many  of  lliani  Ikmillar 
Uke  Burai»ti«ii  aiudeat  * 


rpt"*"'nuMlTo  ')(  Ills 
llciiaa  tn  ll)o 
ate  lller#f  rt* 

lilatinM  >ti- 


jpwilfd  ■■  coin.:  .    .  '.r<  lilatinM  an- 

ion tn* particular  .ii'.jf-t*'*f  whvoh  Ihcy 
V«  would  oAr  oar  eaairrwnilaUnn*  «»  iIm 


I 


b*rt    work    J'liw    In 

WMItm  Co  all  mm,  at.< 

to  h»  r«cafil»J  ■■  <*»" 

tlMrtUaaot  " 

lr«Bk    W«  would  aOkt  mu  eaagrwi 

*ieal)a<iM  of  tha  Sfttfr^  r,f  Sfrii^Kf.  an  I  :n  i-x 

fntmminfi  iMir  liluh  i^h 

only  lo  a44  nor  Marty  V 

mit<^h  In  thl*  eouni^  ■•-       .  . 

JTaiiMf /oHTWU,  Pabraary,  !•".. 

■  a  TlMi|[rralaB((llMliiout«ly  AoMrkmii  workoa 
III*  pnKlloe  r.f  mMlMae.  aiul.  Indead.  lit*  aupar- 
Iftil**  Mi''  '  <  lint  ti*  liiapproprlaw  wvra 

•ran  all  nv  ria  plu*il  IQ  eOBtpartfOa. 

Aa  ■xamltiri  ."  il**  *»lamaa  la  aanelvai 

U  eon*i*tV'  •.M-  c>[  rt<^  iiiasnliud*  of  lb*  entar- 
*HMt,  Mul  of  iti*  wiwaa*  wliteh  ha«  aUnndH]  tt* 

|iiiflini«i»i.-Tf«  Vffuit A'}..  1-iirw.vm. 

CimtanU::        ..■    i  ■  im  aa*j'  rafur- 

eni>r,  arn  r>  >'i  tliv  alm'-i*l 

•nlfunn    •■'■  •i,— ,Vi«»    I'nri 

JIhIiMI  jMr'iii, -luTiu  M.IKS'. 

IVa  ociaiililsr  (I  oB*  of  iho  irranilaal  wnika  oa 
Praptkal  UediAlne  in  lh«  Biisii*h  lan^naco-  tit* 
awMk  orwhiehtliaprofn'wl'inof  tt.iaoountryean 
fael  ^toiid.  Written  eichiilTi'ly  by  Amarfcan 
litiyaiolaatt  who  ar«  amaiLini»i|  wlih  all  iha  varW 
floaof  elimatelD  tli«  t7cilt«(18lat««,  tlteebanoUT 
of  in*  "iif  i/i«  maanar*  and  ctttloma  of  ttM  V*^ 


!■  pteuliMtf  BdA|il*d  to  tha  wanU'.  vol  Jowrwtl^BaqM^^ 


of  Amarlnaa  praetttlmifr*  nf  mpillrlna,  and  It 
aeaiiMtoiif  thai  «vi  Ivtira 

to  tiaro  IL     It  Aaa  I-  i>lala 

Library  of  PrwaHea^        i  .    ,tnl 

praotlitoaer will  miiiirr  iiiiip  i'Imi  in  iii>  r<kiti|il 
ut  profaailoiial  duilM.— Clt««<iaA(f  MnUM  JTawi^ 
Mareh,  )«aa. 

Eaoti  of  the  ralittnaa  In  arofldad  wltk  a  Mtoet 

copiMiBlnilas.  and  iha  work  all<iK«Uwr  |rranU«B 

tn  ^n1^>'lr1I'■A  Will  add  mi'-tt  tn  itii  mtdUial 

I-- pre*enioi-iii  '  !"6aol|[raal 

.'  iMthiilanihii  rtl  aniiaaa 

7**  £a«'I..  ...  t«ai. 

r'Lf  ['■'MiiU'-lprauil  Mii"!«':>i"')  oiin  whialiika 
Atnarlaao  |irufaiah>ii  Hva  Ibia,  lla  r*pr«HOfiaU«« 
ayawmof  praellnal  tnHt-lH"  f"ii''il  to  th-  m«ill- 

omXmntiA.i*  (iiMrj'f  f  tha 

work.     Tna  aniira  -  ^r^p- 

In^wlUilUabHllti'jo.  I   ful- 

liioirxtf  our  bi>n)«  •■rf'  i  tha 

mimhlnatlmi  nf  lh*  Krlaalir  .mil 

tho  pfMUttl  apptioatioo  oi  i«a> 

tal  IcaowlvJ^  tu  lti«  In  i'  iiuJ- 

b'lla*,  makvB  ti-nry  nna  <-t  ti  !■• 

ihai  ban  wvloomril  t>r.  t'i'i  '  ixed 

of  the   |>rolliilT   tl\u  w<M'  :  (lie 

llarmali   »i'liiMir,  tliu    an:i'  ■  -imi> 

nclrf-  f  ':  ft''  'lial  i*  »alil*!>l'  -imc 

itf     ,  raiiix,  all  J   I*   r:mrr.  k.i    'nr»'kiij{r>'Bi]1 

tt.  I  '"  ttnrly  ln-l''P'(i't^noa  of  Ihuu^hi 

Hiiii  .•    iliai  1*  ■  iiail-tnal  elianKiMrlxiv. 

\a.\  \i  i-aViiT*  W  «\*t»  \ifclt  «A  ••■■aAfl  lA-JW*  •*«*» 


toATtOMa— Cllalf 


POTMJSMGtLI^  J.  M.,  M.  X>..  JSdin,,  M,  £.  C  J*.,  Xoiut, 

niMMMtff  U«  aty  6/ J^ondo*  ffatpitm  for  IHiivm  vf  UttCKmL 
TbcPractitjoDer's  Handbook  of  Treatment;  Or,  Tbe-Prindplos  of  Tbo*- 
pwliM.    Nc«  cdilioD.     In  on«  octavn  mlame  af  Bbfliit  700  juigea.    CmhIi,  $K.7d.    Skorilf. 

Prom  th«  Prahcc  to  Ihe  Previous  Edllton. 

Thi?  vaA  nnot  ui  imporffct  rnKttceorPh7eic,but  an  ntlemploiatiffaaichMnctt 
to  ex^ilain  llip  mtiviai*  of  nur  ibenprutic  mCMBica  tint  tbr  ptiTUolagy  nf  taldi  hIk 
j«ct  »  siven,  lh«i  the  nalholofpr  is  rcviewvcL  lo  lu  a>  ther  hemi  oo  th«  tiCAluieot;  next 
tiie  MCUon  of  rvniwlin  ut  ox&minrtl ;  after  wlik-)i  lliu'ir  prnctiml  appHcatioD  in  ODomW 
preMrriutioDn  La  fumUh^l.  It  i»  Joignoil  lo  fumUli  U>  ihe  practUiooer  rtnwoiw  far  tbe 
fniUi  which  b  in  hiu ;  uid  ta  i^  work  no  medical  bictia  for  toe  bedside  r*ther  ihui  the 
exft  mi  nation  tabic. 

BETXOLDS,  J,  nVBSMLL,  M.  X>., 

A  System  of  UCedioioe.  ^^1tb  Dote«  and  aildiiioos  bj  Hekbv  Hartsbc 
A.  M.,  )l.  U., Intr  l'r(>rrM>>rcf  H^tricne  in  thp  UniTpnitT of  l*etuis7)Tiiain.  In  thro« 
xncl  hanHKime  octaTO  Tolume»,  roDlxininj;  3056  doahtv-coltiRinMi  pseea,  wiib  ^17  iilv 
tiuDfi.  Pri»perTolum&cloih,$-'>.00;  slivcp,  $4.00;  tvj  hnndaofoe ualf  Rosma, ndMd banHi 
' J.^O.  [>r  ret,  cloth.  %\b:  Inithpr.  SliU :  hnlf  Rtuma.  tlD.oO.  &/(f  Mjy  &y  MAMr^tMn. 
F'or  r^iiHuntw*  mhI  <<n(n|>T«hi>ti*lT»'i*M  in  ihw  llil-  CiiiUt  ran  fiiltf  apprMtfaUi^ — Tfif  lljlfi  JfitoU 
I  IrekltDrnt  of  all  the  *nlij«et>i  etnl>rw?c<1  nndf-r  the  ,  JVmu,  Juna  IC^  LB9IL 
h*ail  of  "rnu-iIiNinr  MrilMnH,"  tl>#r«  Ib  iiA  wf  k  Tl>«r«  1*  ao  n«lleal  ■■jtk  whk-ti  ■•  bat*  to 
In  t>if' Rite'inh  laniuoittf.or  In  anyolh^r  laofpiaev,  tItDMi  pact  nor*  fraaupnily  and  nilljrM«wa1tal 
((II  ihiu  niaiiar,  otili-h  nqunl*.  inapti  Ivm  vxonli,  whan  pBrji'viwil  ti7  ilouttta  u  tuuwManiV  wtj' 
ItcrnohU*  Sril^m.  F-a^h  rolnmcflMilaJnii  a  pom- 1  liartSK  uaDaualorapiiarMilf  liMxpUc^la  •rtntk 
plolA  iiid«i — a  r^Kitir*  wlili^h  ihoaa  wlm  \a»j  haia  l4iniii  dtmaiimiI  to  na  Umn  R«nolda'  ApvlMi  (f 
eiic]'cla|«>dlR  workk  on  inMlclne  Dot  Matalaiaf  \  SMUiu.-—Am.  JltNTia.  ^  tfal  SJiC,  Jmdiihj,  ua 


/Vo/oMcir  J!m«nA>«u/M«r^wrya>Mt  Pr*cUtt  of  Mtd.  ami  of  OhmUml  3/td,  im  Urn  OH*.  <t . 

Cholera:    IiaOri^n,  Hiiitf)r3r,C'«n«itJnn,S]rmptdnu^Le8lnna.  Pr^rontioQ  and  Tra«f> 

ineut.  In  oru)  liantlK>ut«  I2mii.  vuluiue  uf  IG:{  {MKi<s,with  acEuirt.  utiilh,  $1.25.  JvM  rtt^g, 

ThiB  Unvtlr  llUle  work  U  mil  of  Iha  Toarnlni  '  for  a  rational  mtMn.    Allovslhrr.thamoBawn 
uid  xood  JiMfmant  which  mark*  all  that  oomoa  '  laooallial  willha**aiian»1)*ii1  uiluMMBMll 
(rem  Ui*  pan  of  lladtaUafalahad  antlifrr-    What    prafcMloiiMl  nluL— JKHttoaloMiiAwaMaf  r 
ha  Ihui  to  aajr  on  traatmant  la  oharacMnsod  tijr  i  Xngoat  1,  laW. 
bla  uaal  cantloa  aud  hl»  wrlt-kDowB  pr*fer«BM .' 


FTKZATSOX,  JAMES,  M.  !>.,  Editor, 

ntntVM  ant  LtOtirtr  on  CMilaU  Jfcdtcww  tit  (At  Ctoi^Mtf  ir«*l4nt  /mtrawry,  al& 
Cliuioal  DiaenOBlfl.  A  IlmidUxilc  fur  Bti)ile»t)t  and  PrurtitioDere  of  Ifaon 
Wlib  tJtiapt^ire  Irv  E^if,  Gairdner  on  ibe -PhTsioititouy  of  I>iMaK ;  Pn>f.  fitephenMa \ 
\iiM-aa-r%  nf  tlir  FrQinle  OrgMiu;  Dr.  RulterlMin  (in  Inniinitjr ;  Dr.  Geuini«ll  od  Phviir 
IMiwiiwix :  Dr.  Cwftt^ou  L«i7iigwa>i|y  and  Pixit.M<)rlem  KxHiinnatioas,  and  brthcfiditor 
on  vW-tftlting,  Family  HiHinry  and  STnipfeimii  <rf  fJworder  In  iho  Vartoua  HjMcona.  New 
rdition.  In  nne  IinndHitnc  ISmo.  rolimttt  uf  f>00  pogM,  wilfa  alxnit  100  U)tMtnlima> 
JAort/y. 

nnoADBEyr,  w.  ii.,  m.  n,,  f,  jr.  c.  i*., 

Fki/aieiM  to  nd  Uttyftr  on  MMdm  nt  SL  Jfvy«  IhtjMnl. 
TfaePulse.    Iiionel2BM).Tolitne.  JViparM^.  Be€S(ru$ofClMiMlMattiLaU,yn^4. 

FEyWICK,  SAMUEL,  M.  !>., 

A  uitin  ••!  itydftiii  (o  tin  LtnoJon  Htyyptlnt. 

Tho  Student's  Guido  to  tfodlcal  Diagnosis.  From  tbe  third  rvrised  and 
«]1arK«>i  Hnglinfa  «xlitiini.  In  nnc  vit^  liAtidatttiw  ro^al  I2tno.  volume  of  %'iS  |wyw>,  witll 
iS7  UltBtrulioDa  no  wood.    Clotb.  tiS-'y. 

BABEnSHOK,  8,  O.,  JHf.  D., 

.^/kt  'it  y*A  uftnaa  Co  onrf  btU  Vtet  o»  Prmeifila  a-d  Pr^lut  of  Mtd,  at  Omif*  Ba^pi^t,  rn^on. 

On  the  Dise^iee  of  tbe  Abdomen;  ComprifiuK  Uioae  of  ihe  fitotnadi,  and 
other  parUitf  the  .Aliraentarj'Canal,  <'RenphariiH,r«mm,  Inteetineeand  Pmton«utt>.  Hacnod 
.\m«rLcuri  frura  third  etilarced  and  revised  KoKli^h  Mlilion.  In  ooe  hawboaie  oelATO 
volume  of  5M  pogce,  with  illustrations.    Cloth,  $3.50. 


TANNER,  THOMAS  UAWKES,  M.  />. 

A  Manual  of  Clinical  Medicine  and  Physloal  Diagnosis.  Thitxl  Amerkan 
frvm  tbe  wi.wad  LomUm  wlKmn.  VlwinA  ».w\  irvi.\»Tf!t»\  ^  TvLBtruY  Fox,  M.  D. 
I D  en  r  taih  II 1  Smo.  Tolnme  ut  SGI  V»««»<  '"^^  \\VvAtdsj«o».   *rw4v,  V. J*. 


LvA  BBonnBS  ft  OO.'ff  Pcbucationb— Hygrli 


r<»  Pmct* 


JtlCnARDSON,  B.  W„  M.A„  M.I>,,  LL,  D.,  F.J{,S.,  F.H,A^ 

J^tOoK  of  llu  Boyal  OJUf  «/  i'AyvwitfW,  LonUki*. 
Preventive  Medioino.     In  on«  ocUivo  votmne  nf  729  \ak».     l^lh,94;  l«iitli«r, 
9ft ;  T«T  hanibome  half  Rmsui,  n'lttii  \mait,  ib.M. 
Dr.  R1cIi«imI»''U  hki>  riu«vwl*<i  in  prodaelns  k  '  Uta <ni*»ttoo  ol dl»— »■«  b gomifli«n»l»*, mant^ttm 

ftiMl  Ynlljr  kbfvtvt  wiiii  ih»  laiMt  uid  ixwi  kaoirl- 

4|>lll.IM4. 
|'.»l:«  until* 

-1     Ti>  ih» 

itinincfil* 

'  '  -  -1  Nxw. 

-1-M. 

■'Ownl 


wMkahkli  lsBlcTatPilln(-oQ<-pi><lvn,o*inpr«fl«B 

■It*  In  ■oi>(>*, M'l^nillto  In  cliBrainiiiT  ■jTMsniatlo  In 

*nmn|crnirnt,  and  w)ikl>  b  «I)lll^«  id  a  o]*ar,  oc«- 

«!)>•  aoil  |ilv«Muil  niKiinvr     Hu  i-t1ii«iii  ih*  liappj 

b/eultyDrp*inH>UnB<'"'.P'>'><^' '*'■■>  ><  hnown  on 

Ui*  tiSlifrvi,  »i>d  of  prurniln^  U  In  ■  moat  aiw^ 

InlalliScat  auJ  pracltcal  iLiin.    Thrte  l^»crlu» 

iw  aioillw  icork  mriWa  f'w  lt>«  B^iural  publio    , 

UtalMnuJw  sDch  nniHipAeU'.rellatil*  and  liu>lniT»    — Ootfoa  ifolirat  *■>  I 

tlW  tOlUWlOB  Of  dW  Dr«*i  tha  dumtMa  Domuoa  |      Tti«(niMI*«i!nnl« 

h>thaTM9a.tb«trarl(ln-     n-  '--. ->-il  lli«m«««ur«a  i  kble  bnciMih)  lnf«ii'.>..'  ...—  J 

Fur  th«lr  pra^cntloii.    i  i  jmoTdloMMVi    H^Tftf.  Fvb.  B,  Iihm. 

arw  Hmu",  ohaato  and  •'  ''  dbouaaMn  of  i 


'  adgs  on  Ilia  Milifool,  and  Ih- 
adTiMd  MW  MWnral*.  "Xj 
jlaurvna  Jhur  aai  erf  t*«  .V  < 
,  ThlaltAbMkUuUiilIlK 
I  toUa  of  aYary  prarnan: 
I  n«dl«ifel  |>rolka«Ki(i,  »Hofp 
I  p««ralll  aa  lo  cuwdl— — 


Uedloal  Blectrieity.  A  I'mctiral  Trwli*«  on  th«  Af))>Itailiiias  «.if  Eledrivliy 
to  Medicim*  utA  Stirirery.  N'vh  (ihinl  I  ediiiuu.  In  vn*  ^trs  Iitttiiliiumv  ucUto  vulumi  of 
800  |Mxea,i*itli  aIhiiii  k*i6  illiiMnaioiM.    Pftf>an»g. 

A  nDlic«(>rth«  previiiua  wliLuin  U  ap|ieiMled. 


I 
I 

I 


tlonar  to  iila  fcllow-i'rartKlouprs,  ■nd    <i 
tboroujthly  prauunit.    T'lV  wt-rk   »n«   ' 

haa  Um  •xcvptinn*!  nienl  of  vlearlv  "  '  -i 

iilMr*Ui«baii«ili4  ii>  b#  d«rtT*d  f  iiy 

RiitM  mm*.    It  ronlaio*  all  an-l  '  '  al 

the  »rwUll<nirr  B**df>  !■  ordtr  to  .i>..>-<'>.<.^  la 
talHnotlj  (])«  iMlun>  and  Uwa  of  tha  uwl  ha  la 
BUkuii  UM  Of.  and  tor  tta  pfofwr  appOoMlnn  Ib 


tn  »  eonilanar'f. 
ihn jih)r«(el«n  al' 
ii>aramrp*nialS|n 

,-),  .     -    .- 

rpoiUMlon*. 


i-.tl7,  lucliidina  Id* 

It  U  tiiA  ttonk  lor  l^»  rrM'iiil<inM',.j 


'■rtr,  it  pr«- 

jlli     ■!>)!     to 

■  j- 1  m  nir  <l  1-^ 
ii,«  lair>|  in- 


anil  Inp  Di*<v)«lt]r  for  a  ivrnnd  pilUhin  iirutin  ihat 
II  ha*  baan  Bpi)r«rlu«d  bjr  iha  pralbMitiia.— nkv**> 
Kiw  and  AtrMum  Dm.  IMI. 


Tfl^£?  TEAR-BOOK  OE  TREATMENT  FOR  188S, 

A  Comprohtmittve  and  Critical  Review  for  Pi-actiiionera  of  Uedl* 
Oino.     Ill  fill!   ll^ii»i>.  viliiiiiv  uf  S'JO  \K\fiKr;  l-Hiiinil  ill  limp  diitli,  (l.'J-'>. 

Tha  prritpiil   m1niti»  tiisialiiii  Itir   ff<|iiilalli>ii  iif     lr<      i  <   ,  .    .  .     •    ,■ 


Um  iii*cedl»it  iMcif.and  ««rialnlr  tri»  rB|iiitHi)»ii 

of  Hi  a  Rich  wIk>m>    Ii*lli>ril  rtttt*W<\U    tli.'    II"*   iif     I 
eoevlhiaioni  idvuutd  liv  a  Kiiamil*''- '  : 
•ImI    airrtlrnr*.     Aajr   \mn    »l>:< 

MBAnc  lu  wrlMT"  ■'I'-n  m'r.  n*  ^^■ 

ilarrlMMi,  KaJIo. 

naf  IM  9oi)ai«il 

IMillilnaAf (lia'n  i  i      . 

Otta  airiinic  foainra  ot  tlia  bnok  I*  thmt  trmitinnni 
MOtea  in  lot  a  KrenMi  stM^e  <r(  Mi«iiU«(i  lh*Q 


Minea  in  Itit  a  KrenWi  MMwe  <n  Mi«iiu«(i  lh*Q    oparMloo  u- 
ftthoUtgf,  and  thia  (It**  u>  It  a  prai-tMnd  Daliiri^  |  !••  trivd.— fV' 


iiiJI'.i.'ii^lv  in  I 
Biul  a*  tha  di 
oparMloo  U- 


'■'.  M.ifd  1,-A 


ayiB  YEAR-BOOK  OF  TREATMENT  FOB  1884, 

StnilKr  to  tliat  of  ISH-i  kIhjto. 
tna  frw  momaiita  tfa(>  boay  t>rarllilno4-r  cm>  r*-  I  fhxa  nkOT  *OUTC»iV*  ^^ntaaJ  nr    ' 

beta  whtefc  WW  naiir,  •IU)«mii> 


InatHMrBl  for  ■  jtnu  |>aat. 

Ir'i-inlnr 
wtilcli  i) 


■  jrmw 

K«'(ill»Hy  itHfufai  ttip  pr«'F 
Vndiirv  !■  Irnnlnr  with  >r 


Tt 


irlM. 

l«\l 


lp.i  (.f  WftTk     )f  ' 


Imli  hV>  mind  aa  lo  th«  prlDrli-ai  arfvanewa  In 
InatiUABl  fe 

K«'(ill»Hy  III 
vndiirv  !■ 
ad*aniva,i>r  wlilcli  ilia  i<ra- 


I*  daUtflDlnv  Uie  Valu«'.     Urir 


11/ I 

'ho  hr  «ld«  r*«dli>K  anil  loni- 
iilljr mnip4itiMil  lOMndaraiirh  • 
in  JcwmoJ  o/ (*«  Jr«diM< £«1«H ■  • 


'bin 


SCJTRETBERf  1>R,  JOSEPH. 

A.  Manual  or  Troatmont  by  Bfaasage  and  Methodical  Muscle  Ex- 
■nilse.     TnnaUttN)  Ij^  Walter  Mbii>ei^oh.  At.  D.,  of  Nfw  York.     In  one  hiuxladnat, 
vo  mliiDit;  of  atiotit  SOU  [Mgcit,  with  nliout  I'll*  fine  ^n^ravtngK.    /Vqiornt^, 


imiKO>ar  lKTK'>l'':rTIOJt  TO  THE  8Tfl)T 
UP  C  .IMCAL  medicine.  RatiiK  a  Ouldr  to 
Iha  l&Tvxtiiquloo  »i  ln»*a«a.    Id  unn  liandson« 

I2ir:n  roliinioof  m  (««"•     flMli,  It-Si 

Ifjtv:-    ■  :  :\n  It     r»<'ii:f(KM   on   VARHtl'S 

1"                 '  liy    N.  H,    lp.»n, 

>!  n»»w,  M.  I'.  8tt<^rd 

e-        -      :_  .-  _   ,  ,  .„           CI'itt^tLTA. 

TOIU'f  CLISICAI.  LKCrnRKS  OK  CERTUN 
ACUTB  l>IHI£A<9e>t.  In  <iB«  ocUT«  talum*  c( 
anpagaa.    CMh.p^ 


PAVT-S  THKATI9K  ON  TnE  Pl'SmON  OP  W- 

GESTION;  a-  niiMir.!.t.  luii  m«iT  Trf>atin«nt. 


Pr^iti  111*  •• 

Tnlnmi"  'if  ■. 
BAItl.oWH    ■ 

MEI'I'ISE.     "^  L 

M.  !•     I  »^1.  •»'. 
Cil  \MllFHS>lt> 

l.V   IIKAI.TH    a; 

Boi.i.AMvti  >if:i 


(1.     In  •'inerMilam 
ill 

;;  rnAtTlcK  of 
■    P.  ri,„„>^ 

'fF'ilWKJfJ 


,vl.« 


TlOWa,   V-To\,%to,v»-**i-   ^■:Ai,^vyi4. 


Lka  Bbatbubb 


imam—ThnmU  Lobs*. 


/Vo/hidt  4/  ih*  r*  ncipla  svl  /VfucWx  of  SttUeifUt  im  BiBmm*  BoipUal  it-Utal  CbtUgt.  X-  T. 

A.  Manaal  of  Auscultation  and  Peroiualon;   Of  tlie  Miy jii-al  I 

t>lMSi»es<>f  ilie  Li-DK«  nnJ  Hr-.trt,  nml  of  Ttwinurtr  AnMirum.      Funnh    wlill'm, 
twAfUniDo  rnjml  12RiCk.voliim«(rf*2;>  1  ' '  niiutralioniL   Cl(Kb,tl.7&  Jiui 

Tbo  aUKlviit   aacda  •  Bni«lkM    t*'ti-  >nb>prlt*l*(ilaa(ea,ontu|>(nw<l«f 

mbhtb  ui«  Mt4««i  U  nuir  vEdlAiuvJ  J  >■  mid  pTMliUottarm.    Tb<?  Ikrt  ihki  •' 

Mltidy.    L^r.  Plliira  vurk  !■  tu'l  ^it    '  .••tttama  tmoyr*n  ^lugt  rttiUi-notdiiM 

iBMiulaii  ih«  iiitHtiuKiv '>r  (U«  l<Mr   '  itiw  bMQ  «xli«aaivil,  Ji   LToof  of  iiia  tiTar 

knlbor  hM  for  RiBity  ynar*  Kl**n   ji  rItU  ha*  iMwa  ronnltHi  lijr  Uip  oMrfJal 

wtUi   pOMUcftl  iulrucUon   tn  mu«ii1(au««  ■u4  1  yrt^ruauub.— CI<H>miiUi  JfaJlf «(  JTihm,  F«k  U*. 

Fhysicnl  ExploratiOD  of  the  Lungs  by  Hoons  of  Auacultatioa  sad 
Psrcnnlon.  Three  IcctBTca  deliTcred  bt^ftre  Ihe  Philstlclphlii  Ctountj  M«(lkal  Smima 
lSgS-8!l.     InoDehiuubooMniiall  12iilo.  vnlum«<if  83piago.     Cloth,  flJXl. 

A  Practical  Troatiso  on  the  Physical  Exploration  of  the  Chest  and 
the  Dii^nosis  of  Disoasei)  AfleotinR  the  Baspirstory  Organs.  Keoond  nd 
roTiMd  euiUoa.    lo  me  biuulauiue  ui-lavo  voliuue  of  591  psgu.    Cloib,  ^50. 

Phthisis:  Its  Uorbid  Anatomy,  Etiology,  Symptomatio  Events  aott 
Oompli cations,  Fatnlity  and  PrognoBia,  Troatmcnt  and  Physical  Disc- 
nosiS;  In  n  M'rit^H  iif  l'Utiii::il  Siiiilii*.     In  ^<rii-  li;iii(Ui>]Titr  ii-tavo  rntiinie  iif  443  iMMb 

Cloth.  $3J».  

A  Praotioal  Treatise  on  the  DiagnoaiB,  Pathology  and  TreatmeDt  of' 
j  DiseSMS  of  the  Heart.    Becniul  revueiTnad  enlvKod  wUtiiia.     In  one  odavo  riilumi 
'  5M  fngv*.  Kitl)  >  i>Ut«.    CkHfa,  |4. 

Sseaytion  Conscnatire  Medicine  and  Kindred  Topios.  InawTvfyhual- 
Mne  rojnu  l^uu.  vulumo  uf  HO  |isg«a.    Cloth,  tl.3& 

conEx,  J,  soLis,  jr.  />., 

Itttmrtr  on  Lartni9o*fvp>  o"^  DlMtuct  of  (A*  Throat  dN<  Om(  in  IS*  Jtftmtm  M^Ufai  CMhfi. 

Diaoasos  of  the  Throat  and  Nasal  Paaaajces.    A  noi.u  u>  thv  !:>;■• -u-m*  *»] 

'  Tnmlnwnt  of  AflwliiMis  or  lh«  I'buTiu.  Ofccqibagi)*,  Tncbeo,  Lnrrnx  sivf  '  I  hifd 

•diti'm,  thoMiighly  rcTtft«(l  and  rewriiun,  wUti  a  tnr^  nnmber of  iww  ill  Ib^ 

004  YV17  hnmlmMnit  iiotavci  vtliunc.     S^tpmin^, 


SELLER,  CARL,  M.  J>., 

A  Handbook  of  Diagnosis  and  TroatmoDt  of  Dlaeaaaa  of  the  ThronT' 
Nose  and  NoBO^Pharynx.    SMvmd  Mitinn.     In  oa<>  Knndiaaw  ro/»l  l^nou  f«lnait 
of  3M  [wgM,  witti  77  ilitutniti'>ti>.     (.'lirtli,  %\.~b. 

It  U  OfW  of  lh«  bMt  of  tb*  pru'tipnl  Inzt-book*  i  uiil  llit>r«  «ra  •  riJiulila  blbl|n||r«pby  tad  ■  a«al 
on  IhliMf'JacI  vlth  which  w* uo «c<)aAlat«^.  The    Inilvx  of  IIm'  whnl^i.     Pnr  anr  non  «hn  vMmm  U 


proMDl  edillun  lia*  tma  lii<mM*Kl  to  -lu-,  Init  ■!■ 

>  «inlb»ally    imtrllcftl    cKuMlar    hk*    h«i-n    malit- 

Wnvil.     MMiy  new  illuairMtoB*  tikfv  •Inu  li««ti 

lnlrojuMi)t,  •  ewA-Tveord  *lir«l  bM  bona  MJ<t*d, 


iiinLv  hlmwtf  rwnl1lB.r  Willi  ib«  iknMlesI  1 
IiiPiiliir<'ki->'i  ot  thr<>»l  uid  Dine  ili««w«.  Ilia  bmA  I 
Kill  !<•  t-»iiiA  uT  JCTMl  TKtiU.— Am*  r«r*  JMMtl ' 
Jountat,  JtllM  »,  1S3. 


SWtcr  SyrgiM  t<»  (A«  C>nrr4(  L<"v(c^  TVmf  itnit  X<*r  B'upttitl,  <(& 

The  Throat  and  its  Diseases.    SevuuJ  AtnvHcnn  fnitn  ibo  nootMl : 
tioB,  tliirciiichly  n>vbed.     U'hh  lui)  tv)ti<al  tllii.ftratinoA  in  mlon  uid  90  irn  _ 

draigiM-il  nod  ex«cut«il  Sy  ttie  Author.     In  ooe  rerj  luii»l«uine  unpcriitl  ortavo  volnnCi 
fclwul  3^J0  pu^Ci.     i>«7>«n*iKf. 

OROSSf  S.  D.,  i%f./J.,  LL,n.,  n.C.L.  Oxmu,  LIm1>,  Cantuh. 

A  Praotioal  Troattse  on  Foreign  Bodies  in  tho  Aitvpaaaagea.    U  not 

ocUto  Toluina  of  io2  pagn,  wilh  59  illii»tr»tionit.     Cloth,  ('i.75. 


riTLLKR  OM  UISEABBS  OP  THE  LUKUS  AND 
Aia-PA88A»iIW.  Th«ir  P«thol..qy.  PhyJcal  W* 
^pioala,  Hjmptniiii,  mit4  TtKiniMU.  Fron  tk» 
nouni)  koil  iwtUimI  KttgUaK  Mditlm.  la  aa« 
«oUm>  TDlumt  nf  nft  MMfc     (10tlk,&fai 

eLAI>EON  L>IPlITHERrr:ltaNUur«madTraM- 
rneut,  with  M  «c«oiioi  of  Ika  JlMonr  of  Id  Pm- 
TBlanna  In  winnaOouBlrlwt.  Saoonci  HMf  raTl««d 
«dlU«Q.    In  one  UtnoL  roLjPp.  IM.    dotVll.St.. 

V4L8I1E  ON  THE  MSEJAtS  OV  THE  HSAHT 
AND  OKBAT  V  BaSEUS.  TUi<l  KiMttea^  ttU- 

tbm.  IlllTol.8T«.,4U1l^  c;urtk,iaitt. 


fSNITK  UN  ro>!it-MPTIUN;  tb  FaHt aad «««•> 

diablaflu^v      1  (ol.  «ro_,  r,p   BM.     CtnthilLK 
|l^  RUCIlr,  •.•N  PMiUHuVlA.    ItoLttixafM 

,        PMBt-      nr'l)l,|iJ.I)tL 

WlLLlAMlf  'J.'J  rtLMONART  cn!ntnfPT109i 

lU  Ifaturr,  VBTMiiaa  umI  TnMiBeMC    WttbM 

'.     aulrau  of  <M»  (booaand  eaao  lo  •ivnplJfr  M 

I     duration.  InoiwlTD.  vtiLnfxn  pfi   Oou 

JONES' CLINICAl.  0B8KRVATin*>S  US 
I     TIONAL  XEBVOtH  DlAOHUKIta  8«mi 
\    «V«k«AUUni.  Ifl  OB*  hMidiWBM  oNaTC  1 


BOSS,  JAMES,  M,D.,  r.B.C.P.f  LL.  V., 

A  nnndbook  on  DiAoaaos  of  tho  Nervous   System.     Iti'Oae  oomto 

iluiD«  of  ''l!!  |>a|;e<with'  1S4  illtortrmtiiKU.     Cl<>ll),  (4-f» ;   leatlier,  ^M. 


W»  mtr  aoi  ratptinti  IhM  (b«  w*ll-Ri«rlMd  «ti&- 
am  of  tli«  praTi'Nis  wurk  on  tli«  Nniroun  SjHtwin 
ty  Dr.  Bow  ■ttould  hkvo  eBcvuracBd  him  to  pro- 
docs  ■  luuxlbook  ootUklnhig  all  that  to  MaanlUI 
tD  Um  nro  pottlx  ToluBN  Nfkrrvtf  to.  KMblDit 
«oaM  ■•TT*  b*U«rr  Kt  mark  Iha  •ilniirdlnarip 
Mrld*  iBftdn  durlDf  ttw  eoun*  of  tb*  Iwt  few 
raua  than  th*  ptibJicallon  hafvra  ua.     W«  alrMif  ■ 


S'   rocomiDMid   II    to  ngr   rt*dM«.-^Mnial  af 
r«ntMt  Aricanr,  April  HUM. 

In  a  CMDiiaraUrvIf  *ltnrl  c«Olp<wa  itb  hkro  ft 
praoUcal  iFMiUoo  oii  dlHtaiwa  of  tha  beriaiu 
«TM«Ri  for  wnlcli  It  wouH  b«  hard  to  Bud  ao  wiiul 
at  tba  pr«a«nt  lima.— AhUm  J<inniii(  u/  Mntirtil 
KM«aM  '<l»*i  >•»• 


MITCHELL,  S.  WBUi,  M.  X»., 

^.  /^^aifHin  ro  OrlJkafmiie  if<dp>iiiJ  d>.i  (Ac  Infirmtaty  fyr  Umaim  0/  flM  iVannM  ^(m,  rhtto,.  (Ul 

■         Lectures  on  DiseoaeA  of  the  IferrouB  Systom;   E«p«cialljr  iu  Wutum. 
^B  Secowl  Qtlitigii.     Iq  one  ISmo.  voliime  or  S-S^t  pagM.    Cloth,  tX.lft. 

Vo  work  In  our  laaipiaca  daralopo  or  diiy^Uya 
■lorv  fraturo*  of  IKat  iniuijr  iLlod  alUMtinn,  hjrfc 
una,  or  «1th  etaanr  dltvcUona  fte  ita  dlnm- 
liatMNi,  or    MMDdcr   augnnllona    talailt*  to   Ita 


nanaiceaHDi  aad  imtnunt.  Thv  book 
lit  iMtfilnttarIf  tmlnable  in  thai  11  rcpTMoiii*  in 
tkd  mala  tA9  •Bthor'a  own  nlln  Ital  ciiidiM',  Mikkh 
hB«B  baan  »  oxtanniTa  and  frulifitl  m  i»  (ilia  tiln 


t«>aohlnn  tlia  tiainii  of  aiithorltr  all  or«r  Iha 
roalm  of  medlclno.  The  work,  alltiough  wrIIMn 
tr  ■  0rMlail»'^  liai  DC  *ioIiu1t«  ehamiur.  and 
IM  KafMral  twactUianer  abora  all  odian  will  And 
Its  irarutfti  pr»fllat)l«,  *lBica  It  d««ta  wltb  dlaoMM 
which  ha  frv^neDily  anconalara  and  ntnai  naw 
to  tr«M.-^aMTlMM  Prtntkntr,  Aagoat,  lUk. 


HAMILTON,  A  LLAJT  MeLAJfE,  JT,  n., 

Atimiutf  PS^tinam  at  Ik*  Uotyttaifiir  BpJtfitif  and  Ftiralgtim,  BlndoniPt  Ittmtd,  IT.  T. 


Nervous  Diseases  ;  Tlieir  IfAtTiptiouniui  TrcHlineiil.     K«>cntKL  edition,  lh<wuughlv 

ith  ''i  iliiuonunus.    tlolh.  H 


M 


^Kievbed  nod  tcwrillen.    In  one  octavo  ralumeof  6'.'!^  pa|;c»,  wit 

^K   Whaalhallntvdlitoiiarilii>in><)dtuoka(>paarad  i  clMiaf  i»tlt<»l  ihln  I'Xiit  ax  ilMt  baatof  lu  kind  In 

^Kw*  sara  it  our  atnpluUki  andorvamatil,  utd  tha    aay  laaii'M'ir'.  ■^I<^'>  >■  •  liMaifonm  •ndorMtiMut 

I        praMiil  adiiion  anhLanc«a  imii  appraciatloii  of  Ihr  '  fniiii  an  aiallod  iMiimt.  Tha  lia|iro*«inaDU  In  tli« 

Mokand  ttaauitioraa  »««f*  KitMtHo  «tud«DUof  ,  ow  odittoo,  and  iboaiidUU-nA  tall,  will  tiiAllV  lla 

Ollnli^  QiT<ir"liw]t.      On*  'if  (ha  liv«l  iiad  iixnt  '  porrliaaa  arvo  bj  ihoaa  who  rriwaaa  Uia  old. — 

entlcalarE:ngtUllacu^oloKlf»l)oumAl^  flnww.bft>|  ^wu' aarf  .Vanrptoful.  AfTll.  I»3. 

^TUKJi,  U ANSEL  HACK,  JH,  />.. 

^^      tUuBtrationa  of  the  Tnfluonoe  of  tho  Mind  upon  the  Body  in  Health 

and  Dlseaae.      l>)3iiuiift  lu   eUiciilalt*    llir  Adiijii  I'f  tin-   tuiAK<i<Ali*'ii'     New  «iliiii>ti. 
Thorniighlv  rrvi»c<l  ftn<l  rvwriiti^n.      In  »ne  haDtlnxiie  tx'tavu  vuluine  of  ^7  pBgV.  wilh 
liWM  ailttud  (lUtiM.    C1<illi,  (.1.01). 

t(  !■  tni|H>olbl»tu|ioTUMilh>«a  Intarailln^phaF'- '  mMhnl  nf  lnf^riif<?*M(nn.     Ouldad  b7ananll|li(> 
tatawiilkotit  l«lt>Ke«n*Ui(!«d  of  lh«  Milhi  r'    .1    ;    i     -  >   :'.'>r  haa  rMlkimad  Air 

tfri  •liK-aHly,  ltni«r(inlilj'.  ai»l  i)ii>n<a)^i   i  i  'main  in  |>*yMoiasr, 

iri^T*       i>f-  'I'uha   Ita*  a>biMi«4  ih«   r. '  i'Uiati*  aA<i  eutptrloa. 

ani'iMnl  of  •''Ini'lin'- nillrvat  un  ail  uonul"  '    il  wHtlan.maBl 

thf  iTii>r*  !iiirliitir<  Ih''  I'hrbomaaalh*  incirv  .  iTil  iiMdatvUnd* 

>iM    h«  a-lltnrwl  In  a  ptifttihiglnU  and  r..  ......  «i>l<aa)b«rl,  UB4. 

CLOVSTON^  THOMAS  A,  Jf.  2>,,  P.  It.  C.  ^.,  i.  U,  C.  A, 

^H  Zttlirtrirn  X'nlnl  Aunirj  I'l  tki  l.'nlymil)/  ••/  IbUmbnrgK 

^B  Clinical  I>eoturc8  on  Mental  DiaeftHoa.  With  nn  .X|>iMTiilix,  ontitnintnit  so 
^^^■trw.1  of  the  Siat>it>-ii>r  t1i«  t'tiiLuO  SiitttfHiitKl  u{  tlie  Si<v«nt]  Huicw  itiiil  Ttrrilnrloi  TV- 
^^Hb|  tn  the  CwUHly  of  the  iutuuie.  Uy  K'haiu.j»  F.  h'oi^vu.  M.  l)^  A>v.lalniil  I'njttnaat 
^^HKoenul  UifcCHM*.  Mnl.  DciKof  Iliimini  L'liir.     In  oii«  baitilnoiiiv  ihI'ivo  volume  of  Ml 

I            Tba  (iractlllaner  **  w»ll  an  thn  i-iiii'-Til  wV\  ai^    '  Ih^  Kr.nT*!  rrkftiti-in^t  Ir.  iniMrne  'itnt  I.i  r>  JIM- 

e*pt  lhi>  [ilalii,  )>riu'lli-al  inartliliiK  "fill  ■ffn 

forward  i|«p  In  ih«  m^raliiiv  •>(  In  Iib. 

raAiMhlng  tn  (larl  a  |i^i->trUii  i/  '  i  .    i                                               .  .).. 

wnartrDO*  and  )''l.  .ir  ni  ir-  kti'-^Hv  t.                                  <<:]i.aad 

aliM  data*  a  pan  -  mukn  iin  >lMlriir<                                  'vlUinn, 

[Snob  ollninaJ  nhnniTailnii*  n^ntii.'l  if\n  (>>.'  !ii>«ri'l  (" 

iSTllr,  Kolonm'i  A6iltaet  nur  ala(»  be  obulanl  ■nMUiMlT  la  one  octi<ra  toIiiib*  of 
|108p<iKM.    Clo*h,»1.30. „^__ 

AVAOE,  GEOROE  n.,  3£.  D^ 

Inaanity  and  Allied  Notiroses,  rnwtKal  and  Clinioal.    In  one  I'Juo.  vol. 
551  pnxiM.  Willi  t^  Uliu.    CWh.  »aoa    StaSerimafaiaiMit  MuauaU,  page  4. 

LA r^ AIR,  w.  a„  M.  v.,  F.  jr.  c.  p., 

Tbe  SyBtematio  Treatment  of  Norvo  Froatratlon  and  Hyateria.    1% 

\e  h)mdBi>tn«  sianil  IVin».  vi>liimc  nf  97  [mgH.    dMh,  V -VM. 


^_aie  hit 


Bl&Ddford  on  Insanity  and  ita  Treoltaout-.  \j*cv»M«b  «tt  ^S* '^^:«'**'^«*^, 

'-'  ajKl  I^tmi,  at  lotmaa  ■Ptolmat*.    In  qd«  ««I7  twudaonui  oetK^w  t^AuniA. 


IAT 


IBUOATIOt 


Prfif'Meir  of  CltntMl  4htf>|7«nr.  Omm.  ^  iVwn.,  ^uryitm  t»  (JM  i^toeg^  f  Otpilist,  /<MraMkiA>4. 

The  Principles  and  Practice  of  Siu-gory.    New  (founli)  etllilno,  enl 

•nil  rct-i"''!.     in  oiw   Urtfc  and  h.<ui(U>ctuio  M-lnrci  volume  nf  1 114  \*9f»t  witll  Ap;  jllr 
Uono.     Cl"lli,t«;  lealhtr,  17;  half  Uiiwit,  $7.oO. 

Aa  «lih  Rrlch-MB  k^  irilli    VtMiar'C  It*  pMlltati  I      EVMT  Mlnnaa  in  aurKory  wnrth  i»n>ie*.  • 

In  |ir"'  -  -      1-'  '«T(i*  Is  f>««hli<li9<l.  mtid  no"  t>«*  '  clwl  tn  nwBiil  '" — •:■ >,  -     ■      -      ^'  ■- 

Dov  '  -  ih«  «hMi««><,  tt  Any,  in  ttic»ry  .  niMd  4ad  n-  : 

Kttit  lit  KT*   apparfnt    in   lti«    i>r«M<iil     uv.  He  ravmr  i 

»an>i»,^>"-'>  "ilJillWpr*"*illn(»'ltltBII.I)U1!WHffJ     ,-. :!...<    ."   ... 
||ir*Mi  VMimaffo     Thf>  wnrV:  Km  bsxn  bfmii'til  Kvll  I  ■  ' 
iapl>iiUl«^aadlii1trf[ir  an>l  Mi|irilliiKtnia-l  insa  i  l-< 
bafora,  aa-.l  li*  autlwr  majt  x**\  v*wt*4  i^>'  ''  ■•  "    ' 
OMTteiglr  hkti^a  "conliniianM  ot  th«  (••< 
Whlcb    tt    t«"    hrf»it)(or»    Iwan  r«nal*' 


GROSS,  S,  I>.,  M»  J}.,  XX.  X>.,  1>,  <7.  £b  Omm.,  XX. 
Caniab,, 

A  ^ystem  of  SnrgeiT':    Pathologies!,   [MagixMic,  Thenu«utic  uiil  Opvnttit 
Hixili  «<iitiot],  ihonwgkly  rertaod  «ncl  ^reatljr  improTcd.     Id  two  Imrg*  aad  bcwUiAill; 

Eririleil  imperial  octavo  volumw  ouDloiniag  S3S3  W^  ilUiaCnl«d  bj  t0SS  (ttgl»r~ 
Iri'iiKly  hoiind  in  leather,  raised  lMuid«,  $15;  half  KiusiA,  iwuied  banda,  916. 

Lit.  OroM'  StytMn  qf  Aowy  haa  long  bii«n  ih*  i 
•taodkrd  work  «n  tliat  •nojMkl  Aw  aindeaU  and 
frMitltt»n«r».— £<inrfan  lanM,  Miv  tO,  ISM. 

Th*  work  aaawhalo  nMdK  no  notnmaixUiion. 
MftOV  j'MT*  ■<!»  It  «arnmJ  for  Itawlf  tti*  >>iii(ia^il« 
rapuWloD  of  Um  leading  Am aflc*n  work  an   tar-  , 
(«rr.  aadlll*  Mill  Mi<a(il«  ot  malntalnlnK  tlwt . 
•laonanl.    A  iMiMldrrahtBMnnanl  or  ixtir  rnkterial 
baa  M«D  Introd'tMal.  aiul  siti^KMiivr  th»  •ilMn- 

nliiacid  Mlttor  li«n  rr*«<in  to  li*   iMttiill«d  Dial  ba  ..     ___,_,.  _  ._ 

Kb*  plaoad  the  oorlt  fiillf  iUinui«l  nf  lti«  ataiA  cf    of  ian«ry.— dnlu*  IfarliiMi  ,;»urMiL  HV I 
oiiricii»wlt-d(».— Voi.  /f.uivdt.NaT.  II,IU!L 


Hfa  S^ltm  o^Airgwry.  which,  alBOalti  ami 
I  IhM   1&   UU,  Ma  be«n  a  ataadard  work   la 
cMiaUy  >■  w«n  aa   In   Ani«fl«a,  la  "th* 


'  dnmaln  of  «n«iT."  I^ttn  how  eaniaal  and  ! 
I  ooa  aad  wlaa  a  Mrseon  Im  *m,  b«w  tk 
I  he  afipraclalad  U>a  work  ihma  fajr  mao  _ 
,  oiiuniriM,  and  hv>  nueh  ha  OAnnibatod  ' 
mote  tba  Htlanoa  and  praoUe*  of  aargai 
own.    Th«r«  htn  bran  no  nan  to  whan 
■■  aa  mnrh  lD'tp^Ir<l  In  llih  napact  ih  tb*  I 


GOVLU,  A.  PJSARCn,  M.  8.,  Jf.  B.,  Jl  £.  C.  A, 

Elements  of  Surgical  Diasnosia.    In  one  i>c>ckei4ic«  l*>mo.  volume  of  OTJ 
JM^CB.     Clutli,  ^.00.     ti-M  SlwdaUt'  Serirt  of  Mamiah,  pn«a  4. 
Thla  book  will  ba  foand  to  ha  •  Tnoai  naafai 


a«lda  for  Iha  hard-workad  praelUiaaar.  Mr. 
GanitVa  BCrl<kUcmlBaiiUr«lear  and  ptaclM,  and 
mm  uan  oordiaJlv  ra«omRiAnd  iba  maanal  aa  balng 
th*  Miioacna  of  the  efforU  ol  au  booaat  and  tlior- 
ouBhly  praniloa)  mrg^oa.^  TIU  Slmlittd  Xmtt,  Jan. 
»,  IWA. 


Thla  Is  a  oaplM  lltUa  hook,  wrlttan  h«  a 
tloal  maa  ob  a  **i7  pnrlfcal  vubjad.    Th*  \ 
an  wry  *TatamatfeaIly  and  ati.-vio-tt*  arraQi 
araiatwal/praMntwl,  sn.-l  ih«  i^olui*  of  d 


*«ry  iMalilfeDtlf  di 
baof  ihagraalailaii 

Mid  ■IndaaL— JTadt- 


I  will  b*  I 
'nb.1 


GIBNBYf  r.  P.,  Jtf.  Z>., 

Sm>ftt»  lo  tt«  OriScpatUt  BiMfitai,  Jfnr  York,  »U. 
Orthopiedio  Suraory.^  For  tli*  iwe  of  PmctitiMwra  and  Studenta.    la  oathuA' 
^aaaw  odavu  votume,  [nwuwly  iUustnitwL    Prtparing. 


DRXTITT,  ROBERT,  M.  R,  C.  8.,  etc. 

The  Principlea  and  Practice  of  Modern 

I>atKliiti  etlitiiin.     In  oa»  Sro.  volume  uf  (1ST  (ngw,  with  ■(•'^  iUtuT 


otii.»4;laulwr,|S. 


ROBERTS,  JOnXB,,  A.  if.,  M.  X>., 

iMturo' t>H  Ai^lom^  and  oti  Optriitm* SmrftTn al  lk«  FfiUadtfy)^  School  qf  Amtaam^. 

The  PriuoiploB  and  Fractloe  of  Hodero  Surgery.  Foribeiueorstsdaiii 
aod  Pmctiiioners  w  Medicine  and  Sttreer;.  Inuiie  vcrv  LjindM>m»  octavo  Tuliuuenfakal 
DOO  pMKBi,  wi(h  many  illiwtrationa.    Pnparinti. 

BELLAMY,  EVWARD,  F.  R.  C,8.,~ 

aurgm*  and  iMtitur  oa  iSWVarv  tt  Chariaa  Ckwat  So^ttaf,  t^Au. 
OperatiTe  SUfgcry.    Aortfgr.    Sw  Stiidtmlif  Striet  vf  MmuaU,  pB^  1. 


S&BGENTON  BAKDA^rMO  laa OTBER  OPERA- 
TIUITS  OP  HINOB  BURGRRY.  N««  edition, 
wllh  aCluptaran  mllltar7  anrfvrir.  Oaa  imv. 
rotamn  ot  383  pac«»,  wltb  U7  outa.    Cloth.  ffl.Tft. 

PIBRIE'H  PKIKCICLfSS  AM1>  fKACTICE  OF 
81'KOERY.  Rdited  by  luiiv  Vatx,  H.  D.  In 
on*8T<>.Tnl.r>rTMp^wUhSM1Uiu.   tIWUw,«LlV 


MILLER'S  PBIMCII'LES  nPRIiRfiRHY. 

AoioHcnnfriKnlbalblrd  Billnbaiztaajlll „ 

ono  an.  *«l.  o(  SN  p«««a^  wlthsM  UltMimUon.' 
Olotli,  dTl 


MILI.IRS  PRACTICE  OF  SUBGERT. 

',     uui  reriM-d  American  from  (fan  Un  Bdls 
MVCUin.    \.tttBia\iCTaaTQ,  «vtL  ftf  «W  i 
BKKTS  OPERATIVE  BUIUlKB.t.lft  mi»vqV«i«.\    IB^VflaiMiaJftaa.  «S«i^1MV 
Of  Ml  pages,  wUh  BX  wwicui*.    ClakK,ia.1^ 


■\ 


■I  PumuoATiCTii    Onrgwrji 


EBICH8BA',  JOIty  E,,  P,  M.  8„  F,  Ji.  €.  S., 

Tbo  Science  and  Art  of  Surfrorj' ;  B«ing  h  Trmtin  on  Surgkai  Icuntici^  Dis- 
«aMn  »nA  Op^mlioDH.  Krom  the  cighlli  unit  rnlarged  BnglMi  edition.  In  Lva  \iirgt  Mid 
biMiUiful  rvtavn  ToliimM  of  2310  y*fi<».  illiiMratMl  with  984  tMijtnviu^  on  irood. 
Cloth,  $9;  Icalber.  raL<)ecl  band*,  911:  (inlf  lliimn,  rmiaml  bandn,  fl 2. 

<  "t  t.  r»- 

le  Illicit 


ni<i»h  U>  hm  Mild  tn  til*  wmy 
«lf<ir>.  Thai  It  still  ti«lil>  l(a 
Ing.  Til"  Kiilhor  inAiua  Ini 
en^e  bud  tipc  jiiilfiatnL    V^^  .  .^  i 


Id  BfllHiii  th*  •Ivhlh  Aditlos  «r  ihU  If*!!-  '  year*  ■md  malnlalnlDg  <liii' 
fcitowii  ■■•rk.  It  would  Rpiwar  floprnfliiooit  to  nty  '  paMUon  u  » l«*Jing  work  &i 
■not*  IhM  (hM  It  hM,  Ilk*  lo  pr^*<w«wn.  l»*o 
bdWghl  flilly  lip  to  l^a  tlrui-!<,  >hj  tn  In  ^4t1lH- 
ttiienco  on*  M  III*  Ixini  ir*«<l><"'  iiinin  ■i\rc>iry  Ihni 
£»  «iT<ir  b«on  p«niieil  lijr  ona  m*n.  VTe  iiaTf  kl- 
W*  r«|tanl«d  Tht  Selcnw  uid  Art  of  SurxvfT" 
•■  oda  of   llw  b«>(  >urKlc«l  <«i»ibookii  in    IM     iMipMrt*  m)  booM*  MnH>n«lltjt  In 

Bairilth  iMiRiiM*,  and  16I«  otolith  nailloii  wily    — *■■■ •■' •- '-- 

MMflrau  our  prartoun  opinion.  Wa  taka  greal 
nlMMifv  IB  widWIy  oocnmBdlDB  u  id  our  nwi' 
•ra.— n«  JtfoUeoJ  JTm,  Afirll  11,  IfiS. 

Aft«r   bolac  b*ton  iha   prataaski*  IW  Ihlnr 


Htt- 

r- 


«aininltl*il  l«  bo  Ui«(if7,  blatiMnl  by  nv  liui'Oy,  li« 
hl»  obaamilo**, 


U4  bifl  tMwhlBfn  u«  ttia  rallui  of  u  Imi  _ 
)»dK.  Soobmni  itrDAlnniaftgMldM^Hid  tbalr 
wviicK  flUiMl  th*  MM*  M  Una  Bad  otpBrtaBM. 
Sunbao  Mitborb  ErIahMB,  oodvaebBwork  Liht* 


nnYAJfT,  THOMAS,  F,  R.  C.  &, 

n»rp«i»a  oikl  £«riHr*r  on  UtTf/trg  at  Qvy*  llotpUal,  towja*. 
The  Prftctjoe  of  Surgery.     Fourth  Americui  rmm  the  fmirtb  Bud  revised  Eni- 
Uah  edition.     In  oq#  large  and  very  handitnniv  inipvrixl  nctavo  volume  of  1041)  pngns  viUi 
727  lIlutuuionB.    Cloth,  $0.30 ;  Inlli«r,  ftT.oO ;  hitf  Rwia,  tS.W. 
ThofOnrth  •djilooof  thli  wvrk  li'tallT"':';^*!"  1 1'^'.k*  1^'  •!>•  modl«d  >tii>lvnt     AlmnH   avoiy 


«r  lb*  tliriML.  Tba  BUlbor  h»ndt«a  lila  ■•il'>i>e1* 
«HbUiBld«crHef  Jadgniani  ukI  «kill  vtii'^ti  I* 
attatiMd  bjr  vfora  ot  patknl  toil  ati'l  rart^-it  r>K- 
pwMMet.  TIm  pnMDt  edition  I*  *  itiirnUK'i  r*- 
tUob  cf  IhoMi  wbleti  prwwUad  it,  wliti  marh  naw 
aiillar  add^d.  Illn  •li^linn  !■  m  crw>tMl  iui4 
loftcal,  and  hla  •iptanailona  ara  so  ludd.  w  to 
pbie*  itia  work  Mnunn  iha  blchaii  order  of  Mit- 


ii^pio  Id  siimry  la  pr«^<iDI#<l  ih  auch  a  form  aa  W 
onabti-  th*  btiiy  prairilikDar  w  rvrlair  aair*iib)aM 
In  •ii*r;-<lAy  |>ra'-li<*«  la  a  uli'-rt  lime.  No  lima  la 
imi  with  iianiMn  iliprmsa  nr itiii^rAamf  TarMafi, 
III  »I>'-r(,  llin  w'irk  la  malomiLry  eJaar.  [aateal  aad 
pracll''Al,-OtiMiPu  JVadifOl i/aur'utl  oad  ffraaitiw. 
AifHI,  IhM 


By  tiio  sama  Author. 
Diaaasei  of  the  Breast,    ta  one  I2ino.  volume.   PrtjKirirts.  Sse  .SMm  «/' CSinMiJ 

JVaiiRo/a,  p«ig«  4. 

TRETT.H,  FRED1':mCKrr.K*C\&, 

UiHiltrwin  Profamur  <tt  lA*  Soyal  OMtg*  ^  SWywM  <t  A^mhA 

A  Hitnual  of  Surgery.    In  TreBUeea  b7  Vanons  Authon.     In  three  l2nio. 
voliimni,  LiuitaininK  IBQiI  |Mf[ea,  with  SIS  ftngravinjta.     Price  per  volume,  cloth,  $S.     S«« 

Wf<    hara     b>r»  111*    tipfntnn*   of    tiilrij-thraa 


Botbora,  iu  Bs  oBerploiMla  form  for  Mar  aad 
i«*it|r  r*ft««ac*.  Tha  ttiiva  Tolunwa  acnbraoa 
anry  varlctj  of  atirglt*)  aSl»ctlnB«  likaly  to  b« 
DIM  with,  Iha  paracmplia  am  thoti  and  Pit'iy,  and 
lh«  aallnal  iiafata  and  lli*  l-rslonlnn  vf  brw  oub- 
JaMa  are  alvay*  prinlaJ  In   •■ir»-Iiraiy  irpo.  •" 


that  a  |>rr>nfi  maj  find  wbalorvr  tBformauoii  ha 
nai'  r-v  In  nMvl  of  at  a  mocDfifa  gtanc*.  TIm 
authnr*  hava  ceoHnMl  tfieanaalTe*  to  Hallnc  otilv 
wliai  ii  r>al1)'  Impurtaat  lo  kno«,  frao  from  all 


I 

I 
I 


dlRuian^M  and  nanaoaoMry  ad-immanL— Clvm. 


This  voik  li  iinlqno  In  larBtra]  IHantnra  It 
rapraMBl*  en  auampt  ii  amliodrl))  ihraaaiBall 
voltiinai^  anynna  of  which  may  b*  ciartiod  In  tha 
pookat,  tha  AaMniial  P'Mn|j>  iovolTfil  In  anriflMl 
nlbulosy  anil  ptactleai.  Thn  IM  of  omtrlbiiior* 
bold*  lb«  naataa  of  many  of  tha  uoat  diaUninbliad 
RrlUah  aiiigoooK  wlioao  arlldaa^iwe'iaiwwIytirlaC 
praaaal  Um  mdwr  with  a  Mr  titw  of  th«  auq^ei? 
of  (o-day  la  darlrlna  and  practloa.  Aa  Uta  aBU;i- 
odaa  of  the  oy«ii>Mrill».  II  wUI  bo  wann  ly  waleonad 
by  maay  a  bard-workad  praotlitgoerf— JaMHeaM 

Praetttioit,r  nnd  /ftui.  OcL.  3,  ISflC. 


BVTLLS'y  HEIfRY  T.,  F.  B,  C.  S„ 

AmmtwKl  Surgton  to  SL  B^rlluJamtrn't  Itntyxtal,  ImiAih. 

Diaeaaaa   of  the  Tongue,     lo  one  I'Jioo.  voliime  of  496  pugea,  wiUi  8  colored 
plateB  and  3  wnodoiu.    Cloth,  |^.dO.    See  iierit»  of  nifiati  ifantiaU,  pa^  4. 

TULboafc.  lb«  JBlan  laana  of  Ibe  "Qlaleal  Ibaen  «rlli*n  t>y  ob«  wboaa  opportiiBltiM  ham 
Maniiala  Ibr  rnctUlonera  and  atudaaia  of  paeuUaily  flilMi  him  fcr  Ui«  ImIc, alnea  ha  laaohaa 
M*dl"ina,"  la  a  miMlal  of  M*  hitid.  It  !■  '  notonty  fhKn  a  ollniral  but  btim  •  MtboloKleal 
•l>n-la]lr  welooma.  all  lb*  mora  ■",  Blnc«  tha  t«it  I  alaadpanl.  Wo  haarllljr  «ainin*od  (bo  tnok  to 
la  roally  UlaatraM  by  a  auillclaiii  nnmber  ot  >  our  TMiIoib.— n*  JfaliMl  A'flti.t>olotoilT,  ISU. 
admirably  asaetllod  eolurad  ^ateo.  Tho  wuik  baa  , 

TBETE8,  VBEDERJCKt  E.  R.  C  8., 

5terf Ma  l^  a»J  Lteturtr  oa  Swftry  at  tA«  lA-siiji^  UmpttnL 
ItttMtlual  ObBtmOtiOO.     in  one  pDckvl-aiic  ]2iiio<.  volume  nt  023  pneee,  with  00 


UlaMniluiu.  Limp  cluth,  blue  edges,  |2.00l 

A  ataadard  wnrk  on  a«iitil#i'(  lltat  lia«nut  b««n 
M  DOaprahaaiilvply  trvatrd  iy  any  (^oou1D|>«>^U'V 
bclUt  arrltar.  lu  chinploiaiMMi  randora  a  Ml 
renew  dinUiah.  <i In r«  «Terychan«ar  dc>6rr«a  ml- 
nata  attantlun,  aud  It  la  (mpoaaibla  to  do  Uioraagh 


Sen  Striu  q(  Otnieal  Mamuitg^  page  4. 
tualtca  la  Ihv  author  la  a  flaw  parigrapha.    /Mm- 


!>nal  Uburrwlhia   la  b  work    thai 


arw 


or 


J   nrora 
nqtial  *alna  lo  l)i*  praelliloaaf,  iha  itiidant,  Iha 


iiaUiiilogin,  tbc  phywlolaB  aad  th*  opatalluf  aar> 
Rtwa.— SHtuA  JUUeal  JoarwaJ.  Jan.    '^  '     ' 


.xKino. 


HALL,  CHARLES  B„  3f.  Ch.,  I>wb.,  Y.  lU  C.  &,1£.„ 

Surgtoitaitd  Teari^otHv  T-  Ituiii  H.ii|*i.ii.  I>ubuik 

Diaeaaaa  ot  the  Beotum  and  Anvia.    \ti  tw«  \^toi>.  -^nViTO*  «*  w» 
jy^paniiff.     See  Serit4  of  Ctinieai  JfanuaU,  yn^  4. 


A 


"tiA  BaonrKM  A  Co.'s  PgBf,ttAT>o»B— Bnryery;  ^ 


i,  IHstoc. 


HOLMES,  TIMOTHY,  M.  A,, 

{i^ftoii  -vU  L*eu.rir  an  Sitriwy  at  .Vt.  O*orfift  ttotpUal,  ItOvta^ 

A  aratom  of  Surgery;  Thooretioal  and  Practical.  IN  TBEATISE9  BY 
VAiitOCS  Al'Tlft>it^>.  AxtmirAS  eiiinnK,  THOsoi;oin.T  KsrtsKn  axo  us-iohtid 
br  JoHS  H.  Packard,  M.  I>.,  Siitkom  id  tbu  Kuinnypal  utd  8L  Jortr|ih'a  Ki)»[iiuli, 
PhilodcIiiliU,  ib»)iBt«il  Ijr  a  corpi  of  thmy-t)iree  <>r  tlie  moM  stuioenl  American  surgvua. 
In  Uiree  taT>^  anil  rer;  hanoaoine  imperikl  nctavo  voliimM  ci^nt&iniog  3137  doolilt- 
ooleuiiii«cl  i»>t;A>  witli  979  iliuUratioiM  on  wood  ad  13  lilboigrxLibic  iiUtM,  IvCMitiibllj 
oolored.  Price  per rolunw^ cloth,  90.00 ;  leelher,  ]i7.00;  half  RwIk, t<-00.  PerwCdoUw 
^l&OQ;  leather,  (21.00;  half  Rusaia,  C22..50.    Sold oniy  bn  iMiteriptwn. 

SA3rTLTOX,  PRANK  H.,  M.  J>.,  LL.  2>., 

Surgtm  !•  0«tl««M  UotjHlat,  A'<w  Fork. 

A  Practical  Treatise  on  Fractures  and  Dislocations.  SeTcmth  editiog 
Ihonwghlv  nri*«>l  and  mudi  iiu{>r\)V<.\l.  lu  uue  verv  biuulsouw  ocUto  volunw  of  9VS 
pagiL  with  ^9  illiurtntioDs.  Cloth,  t&.M;  iMtfaer,  tSM;  vtrj  haodKuiH  half  Bo^ 
dmo  back,  9^00. 


It  ll  atwut  1ir«Btl-nis  yi'fut'  afo  nine*  Uia  Hnt 
•dHloo  «r  tliia  creai  irorlc  mijipurfl.  Tin-  t-ilitiuo 
won  UMmI  Ih  lh«  mwdUi,  BUd  ^^  -  ^ -'  -'-'Bata 
MMKigh  M  hatliy  lo  111*  rstwll«n  p«- 

UmUan.    Booki    upnn    ipoeW  i    uol 

luinkllj  eitnm--  '  if-.]  tialc.  ^  .,>  .  n-  ua6  lA 

wUhout  •  rl'  ■■  ~|">R«-    U  I*  awwnilatly 

aptaettcal  t:'  i  ;iilli«>n  wlUilu  Itsoovatti 

alniiMt  vvsrytl-.i'it  ■■•  '■~-'i'#  (hat  luw  b«BU  wrIUan 
kboirt  bvHurr*  HOd  diflovMirin*.  T'te  (•rlnoipti^ 
and  nwuiotta  vf  imalBiedt  aro  very  fully  |{t*«D. 
Thabook  )■  •oaall  known  that  tt  il(^n<it  r(M|iilr« 
any  lancilMnad  roriow.    Wa  «an  uatjr  My  Dial  It 


!■  Mil  (Uia]>tif«a«h*4  a»  a  iroatlu,  and  thai  It  b  a 

Kroci<atlh«Mal»i>dlDdu>(ryaii(l  crvalaUUlyM 
-  duilnrilatiad  auDidr.-fM  DMim  /<xv^^  of 
Maiiati  Sttna,  Feb.  IMa 

Witti  Ita  Ant  aptwamiea  In  lua,  thla  wurk  hook 
nnk  amoDf  the  ctaMlca  ia  BtaAlcal  IHanUin^ 
Ba4  h^  •car  ■Ine*  b«aa  quMad  b^  •WS'^aa  ika 
irorid  int-t  ai  an  auUioritj  OMD  lb*  tofdiM  of 
wtitch  It  iraata.  The  iiirgvon,  if  onm  oaa  t*  Ibaii4 
who  iloea  aot  atmulr  kouw  Ilia  wwlc.  wttl  flad  II 
MilaaUA«.(i>rc1bl«  and  (Cbolariy  ia  l«>l.aKh>uHlia 
la  datalt,  aail  aiar  niaikad  by  a  aptrtt  of  via*  ao*> 
■arrailMB.— ImwtWM  Jfad»««l  tfoM,  Jau.  lo,  latt. 


STIMSON,  LMWISA,,  B,  A,,  M,  />., 

Prrfnirr  v^  Patimbi^ir^  AfOCFma  al  lit  OniTttitgnf  rKtf  Otyif  Hmt  r«rk,  Anfacni  akC  (Val«f 
(«  0'»4nM  //Ofpiut,  IStiryton  («  iXn  /v«iijrf«KVM  HA^rn',  iVw  V*"'*,  Mt. 

A  Manual  of  Oporatlvo  Surgery.     New  (e«rond)  ctUtioa.    In  ono  -vtrr  band- 

•uiii«  rc)yal    l:!mo.  ritlinueof  5l.>3  fut^cea.  willi  ;U' illn-rr  ,ti,,;i.      I'L.tti    J'.^>      .Iuai  rtadji. 
AniODic  a  auinrwr  of  r-.<uaii[   pitMtoauon*   oi-  uailaMd 

oprralivr^  Hifginy,  [ir.  ^liimon'B  atiik  *iHD<t*  on'  .IBB^a  lb 

primliiKMiy  aM  aiii<>iii(  tli«  M>(.    Tbu  rans*  <>t    ■  <;.n<     imih    unim.— jvawn^'^^    Jt'^^f^ 

■ulijnct'  U  mry  cnmplata,  the  xtyla  I*  inrMi  aHil  '.  <.i(iiil,I.tlk 

By  the  saiiti^  Auihor. 
A  Practical  Treatise  on  Fractures,    In  one  ver?  baticWniaa  ovUto  tqIiuim  of 
5dtt  ]»£«,  with  iiOO  Iwatitiful  iUtulnlMuu,    uloOi.  f4.7<i ;  leallier,  $6.75. 

Thaaiilbor  luuglvaalo  Uw  madloal  prnAwalon  |  mi||b.  Tharhaptunotirapalrof  hacOtrBaanJIbalT 
lailiU  lr«ailH«  cufraowtT?  wi.Ht  .^  iltciljr  lo  ba-  ,  troMiMiit  ahow  hlio  not  (xiljrto  ba  aprofMui4«Cfr 
QORiaaftaiKlaFdworkon^   '  ni^nalflly    doai,  but  UktwlMapnK'tiCBl  fvrcaan  HMpatb«t»- 

ntil >ar|.'«Mad  by  aay  wor-  "i«  Bngltub,  i  glut    lILsmoiiaDf  lnalmealCpri£«4ISarMit  fTaet- 

Of.  ftrinm   iLn"ir.  n:iv    i  ^i.    Th* all- |  ur«al#»iiilBffnllVM)tUHlaiul|iiaeU«al.   Waeoarfdar 

I 'I  <:irehi*niita    Ihl*  work  oDr  of  the  baul  oii  fiaclurea;  anil  tl  «ltl 

!!■  -^i.    Thar*  '  be  wvImibM  not  <>m»  »i>  a  (a«i-i»(>ol(.  bat  »l»o  bf 

1'  I  I.  ■*  Id  moat    lb*  aanroa  in  tall  iinAilc*.— A  a  Va«Mi  nad 

Wt.jr  HculirTaioatiJJ^jJtrafy.amfytbUmtttlwt-l  AfftfealJointaf.  Mrcb,  ISC 

SMITH,  STEPHEN,  M.  />., 

Vitttitt^  HurfrMn  lu  Utilixiuntal  ••it  I'inrtmVt  IT^ipilalt^  S.  T. 

A  SCaaual  of  Oporatire  Surgery.    New  (teomd)  and  thorooitUy 

editiuu.     Id  oae  vctj  hanil«>>(uo  iKl»v»  vcilume,  ))r<ifiisclf  iUiutrated.     In  prou. 

EXTRACT  FROM  THB  PREPACS  TO  THE  SECOND  BDtTION. 
TliUwork  W115  tir*t  mililishwl  in  I.^it,  and  allh»i:j;;h  th<>r«  hove  Ixrvn  n:|x^a(«<l  large 
\miea  iiin«  thai  'iMv,  tavri  liat  b«;n  ou  chaoec  whatever  in  the  ivxt  iiutll  tho  pmml, 
which  iiiiiHt  tliercforv  lie  rt^anlol  as  the  sooooil  bimI  onlv  ri'^vi^i^l  eilitiikii.  Ti>  make  the 
irork  n  iimjif  r  «xpoTi»nt  nf  the  |>mcnt  stale  of  UpernliTe  Snrcirry  ''**  rnji'ifwl  a  i-oinpI«te 
reruiun  uf  tit-itil/  ihv  sntirc  text.  This  liiia  been  carefully  {MrfnnnvJ,  and  the  author  hu 
the  MlUliK-tiun  of  Iwlicring  that  ihg  work  now  emhmcai  the  laleM  adTitncea  in  the  field 
of  new  o|nrrati<>DK,  niuJ  that  ihg  detail*  of  the  mtKt  BppTOTVtl  anliwtptk-  iut.-lb»>U  hara 
t)een  pluoril  ia  such  a  light  that  they  uuy  bo  easilj  tnaeteml  and  utiUied  hy  evei? 
jinii.tilii.iuer, 

MARSH,  HOWARD,  F,  It.  C  8., 

f>'c<(U.r  AnUtimt  Smrgtan  fai  ani  ta^yrti  on  A^Mtomti  ni  SL  fiorltefaaUW't  BoipiUlt,  laa^aw. 

Diseases  of  the  Joints,    lo  oue  1::iik>.  Tuluine.    ^oitly.    8e«  Sinn  tf  Oimitpl 
J/aitKu/i,  («£«  4. _^ 

PICK,  T.  PJCKERING,  ^-R-C.S,, 

trations.      Luui»  cloth, -i.W.    JuMrww^.    "=«  ■«' 


tvrte^ 


BVSirjBTT,  CHARLES  ff.,  A.  M„  M.  »., 

fnftimr  pf  Obibfy  in  U«  t^tiivtelpMo  Poltitlii-e ;  PrmiiUM  of  Ik*  A  mirit^  OMtq^lMt  A*MV. 

The  Ear.  Its  Anatomy,  Physiology  and  DiMuea.  A  I'mciio]  TtoiUm 
for  the  iinr  ^^<  AI«cU»l  Simluut*  mvJ  rnictuiuiicn^  >*ew{»cc(>n<J)  wlitiuri.  lu  un«  bituiIiKina 
odjivo  volume  of  &S0  |Mg«i,wiUi  l07iUu.<nRilioiw.  (loth, $4.00;  Iralher,  $.5.00. 

wliikin  fi(  till*  *>lwilil*  vnTk.  WImd  U  Am  nuofi  , 
Mil  II  iMfl  •coepicd  bx  D>«  profeMann  hh  une  of 
^i«  (UniUnl  work*  on  modnm  nand  MirB<>nr  Id 


Ikr-  BnrnMt  hma  wljr  fiMlDtaln»d  lib  rapoMiton, 
(far  tkt  boiA  te  f»plM  wttb  TAlBftMs  lahrmattna 
«ik1  f ii|Di«il»iM>   Tlia  rtiWvn  (imp  bMB  ovfMIr 


carried  «ut,  and  mneli  new  hwiict  kd<l»4.  Tf. 
ruirTwIi's  work  raun  1«  re|pir<leil  u  »  lory  vntiut- 
l>l«  contrlbutioa  lo  *ur^  aiitKvn'.  "'>t  '>itly  on 
•miiDl  nf  lu  i<oin|ir«ti«nalTen«H,  biii  twi^cii*  It 
conUliw  Um  rcHlUCf  Ui*eM»nil  pananal  ohrorv*- 
Udu  and  •iparUsi-**  of  thlBamliHalaMtm)  ■utinHwi. 
—LomtunJ^miMt,  r«b.  SI,  USL 


I 


POLITZEB,  ADAM, 

htpTtaURogat  Frvf.of  Atirml  7*trap.tmtkt  Umr.ef  Vi, 

A  Text<Book  of  tbe  Bar  and  its  DiseasoR.  TniruUtMl,  si  iliu  Aiitbm's  r*- 
quoA,  hj  jAsm  PATnotsOM  CinzLL8,  .M.  L>^  >I.  11.  C.  S.  In  uiie  lianilaotne  octavo  Tcl- 
uni«  ofHOO  |Mig«^  with  So7  oriEinol  lUii^tniliii»».    Cinili,  %&Z0. 

Tba  work  IWolf  «•  dn  not  IimImi*  Io  pmooiiap*    aM^inn.Bnd  lliim^Bln  hjr  Ih*  palholMkoI  |>hf*l> 
ths  MMBpMi  the  autilMit  of  KOhd  iIb«M4»  whicli    olo0.uiMTSiiK«m«iiiwnii!b«>>rT«»uk»B[>U|>ili« 

ha*  mmr  ■(<ii*«r>.t   .s....i„,r iit  ..,■   i...,...-    i r. ..(  of  (lie  tliideal  by  .li..«.n.  tt.~  .1  r..nia|h 

(lifniH»  on  oW-ii"  1  "(wh*!  li*jirf»c<'  ?  du- 

(Ir*!  Ill  •••(¥•■  I  I  -I*  «-hota  <tnrk  Fa  <  •■•  ■ 

of  «>cli  tvpwrklc  ,:.,.  1   ..  .  .  ::.    .,.,....  ,.1^ .  .  .-    ...    '   liol'l* f>lti«  »»•)>  !--, ...   j   1.1  Aid 

anil  [irMuBal;^  tlhimnuHl  br  vtnui'uu.    liiurwn  (it  ilii;  uck--lilluDOf  In  till  iroitUiivuv — BiMlm  M^ 

follnvvd    ImttiFdUUtr  bjr  ihr  phjrilolrvy  of  Uio  iiv/ 4<M  .SurvKflJ  ./t-wr*9l,  Juii«7,  Ikir 

JULER,  IIEXHY  E.,  h\  R.  C  /?., 

A  Handbook  of  Ophthalmic  Scionco  and  Practioo.     In  one  hflnil«nm« 

,}■]>««  uf  Jaq^cr  acid  Siivllm,  ukI  Ilulingreti'a  Coloi^btlndiMiw  Test,    Clutli,  44.M ; 
tr,  tA.fiO. 
Thli  m<fk  !■  (tlcUngntiihcaJ  b^  thp  qr>«l  nnm.  1  and    lyjilnat    t  tin  h  ml 'in*    '        .  1  .'    »r« 

I  il  bo 


bt>r  Of  eolOTMl  plWAi  «I>li-l>  a|>|^iMF  i 


«  B?»al 
(.  it  tu! 


■r  Dili*-    allrclkx.^,   plw«^   in   iux 


«!,(:.■ 


]■ 


■  (lifl 


UatInK  vttriiHla  Tal)ii<lo|tlA«1  cnmUlUiut.     Tliovam     Kiiup>>'J   al' 

T«ry   Mautlful    in  an •'<'»*■> '''^i   "^•i   l^orf   t>f><>D  '  mhi  sllusini'- 
■■■cdtMt  irllh  RToai  raia  m  to  an>iirai>p.    An  "x-  |  «lit>-li    lia«    ■ 
■niiri«iTS'~>i  "f  (III  lArk  iitiOHs  II  Io.Im!  •>i>o  >:>(  Klicli    h-id-/.  lliei* 
■taii'i  1:  will  l>a  ra0Uil*>l  lu  ail  aiiiiiAtllf     Wi>   Ilot'   bijuiiiii' 

til---  <.<>(u(t»M.     Tt>r  irtatRi^DI  imiin- '  <>>ri-,   and    II   ret-"'' 

tni"!  "  .  »•  thv  author  ha*  l««rund  frotn  '  l!i>"  •  i>f  ■  !vKi..it..| 

WItliil  (^JlKIif^f^tOtMltlAbMt,— OnnMiafl  A/idl-  I  li 
Ml  JT«n,lM«.  UM.  Ill 

tl  pt*MaUfellM  niidoat  Moetoe  dMcrijAloo*  <  '1 

yoRRis,  WM,  r..  jf.  X).,  ««<«  Oliver,  cuas.  a.,  m,  x>. 

<.Vi«.  pre,/.  0/  <tf<iilhal.,uM.ii,  m.  f"";i .  t''  /\i. 

A  T«xt>Book  of  Ophthalmology-  lu  oneodJiTo  roluueufabMitSUOpagea, 
wiUi  illuBtraliuDS.     i'rtjiihny, 

WELLS,  jr.  SOELBERG,  E,  Jf,  C.  5., 

A  Treatlae  on  Bisoasoit  of  the  Bye.  N--  •''''• '  a--'!"t>  fmm  Ui*  ihinl 
LoDdoa^Hicion.     TlifrrwiKlilr  ivvitfwl,  wUli  ivi-iici*  >  i  cb  Koi,  M.  D. 

Id  <iae  lancvx^vi)  volume  iif  atHviit  Mil  imgm.  will)  i         -     i   ni  on  wtio>|,  «is 

CoAditiI  plHtM,  aitil  »el«vti<nw  (mtn  UteTnMjIwa  of  Jn^Kcr  ntui  bncllni.     Prtparitty. 

NETTLESniy,  EjnvARjy,  F.  R.  v.  s., 

Oj-lilluu'F,,if  Svry.  »nit  t^i.  on  Ofklk.  Smy.  tit  .■H    Ttv-wuu'  H"*)»lid,  Lemkrik 

Tho  Student's  Guide  to  Dlaeaaes  of  the  Eyo.  Sooon.1  *-litlon.  WiiS  n  ithaj.. 

t«roii  till-  iMi-i^-lion  of  (  uliir-ttliiuliMwi,  l>y  \Vii.i.iam  'fiiuM«>N,  .M.  I>.,  U)ililli3ltii'il<«;M 
to  lite  JfllcrHm  Mc«li«ii  t'uUcge  lo  tia«  fuyrnl  Hato,  rDliimc  i>f  116  [ijgt^s,  n-iih  188 
Ulnsimirau.    Cloth,  |iOa 

BRO  WNE,  EDGAR  A., 

tiurfttmia  tht  lAMrp^  B!/*  ind  Ear  /.i^nmit^  »mt  M  tlu  Ditpmwnni  fit^  Skit  l)t—m»^t. 

How  to  Uao  the  Ophthalmo«copo.  Being  Klementanr  ItiXnicttoiu  la  Otih* 
tlLiil{D(ii«»|i]r  mrrmiigMil  for  the  apv  of  Stu<li.iiii^  In  one  nunll  mfm\  I2ino.  s^luiiM  ot  110 
pages,  wtili  K  UliMnitioiu.    Oolh,  $1.U0. 


L 


LAWflON  ON  irfJI'Rtna  TO  TlfR  KVB.«iRmT 
AND  Err:  :  ,.„udKonoM 

LADRENt  I  '  .>y  uoOK  OP 

OPHTUAL.'flU.  ^L'il.ii:K^.f..f  «,ou««f  P»t- 


lIlhMiDra.    ilMoad  •dIUM.    In  o«m  Mten  tcU 

itnia  of  XR jMa»%  Bllh  «6  lllaal.    C|gtto,f&T». 

UA  UTRR'S  PRAenQAI.  TEBaTISB  ijK  DIHKAB. 

i»urTHKKrB.  R<tiMdbrJo»auimii.t>. 


ROBERTS,  WTLLTAM,  M.  J>., 

A  Pratttioal  Treatise  on  Uriimry  and  BenAl  Dtaeases,  including  t7ri- 
nary  Depoeita-  Fourth  Americui  from  UiA  loiurth  Lnmlun  odiiioti.  la  one  h&ad> 
Vnie  ortnvo  ti)1uq)«  of  6i)'J  Jioge*,  with  81  illiutntioru.     (.Hoth,  ^{.50. 

Tbv  limrlonii  •dlUoDs  of  thia  tmok  tiitia  nuilii  It         Thu  pamiliu'  rkltiit  and  fill  I  Ah  of  th«  bookuv  (■ 


l*ofuaiiiwk>*ittl<f>hiKMyMt««m«ilby  lhcni«<i 
[JMl  pMtillo.  Uubt  llttJ*  mora  l>  nwn— «jy  thaa  a 
wn  ■■aouRMmMt  of  the  atptAracM  of  ibU, 
^»1f  ■BWMor.  &ut  It  l«  plaaaanl  to  ha  ablo  ta 
[■^r  Una,  %oeA  H  Umm  w»t«.  thu  to  uitl  betur 
liD  Am,  *•«  think  It  mqrbniaild  tabsUiabMMbook 
1  prlpi  on  llH  •ubjMi  o(  vhleh  li  u«*tt.— n. 


*  mftwiaro  ili^ieil  rivm  Ita  ifs*nliil«  malnraMiBfa  , 

of  B  nllnlnal  uiil  prai;ll<iiil  i-'--'-. It  |«  . 

Tirallcd   esponiLidi)  at   eii  ,icli 

diroRllj  or  lndir*rllj'  to  li  -, 

aiid  ImUnient  of  utinary  ,i...-».it"..  n^.d  , 
a  <nini>l»(<>QOM  nut  foand  •■••whatv  In  ' 
eUAK"  In  iia  aiKoUDt  •>(  tho  dlBtraal 


^2>PiJ/>F,  CHARLRS  IT.,  Jtt.  X>. 

Bright'B  DiBoase  and  AUiod  Diaordors. 

witk  illiistrulionn.     Cloth,  $'J.     JuM  rauly. 
WB  h«TB  b»fnN  tM  •  Inily  valuatilo  l>jok  nn  ihf 

[  BU  Me«la  trraled.      A   book    irrittirti  modoMljt.  yvt 

irlin  ft  «<»n<l«ueo  <rf  aflMrtion  vhic-fi  ■»!£■■•  iiiai 
ilia  aulhof  lua  liimwlf  luBdli^d  casvi  •u<J  studied 


In  one  octaro  volutne  of  388  P^C<V 


L4h«Bi  to  H>ma  purix'"''.  whita  )>«  also  «aiilMU(  a 

F'kiMnrledf*  of  the  wnik  of  others.     The  Tulnma 

oUUu  i«  tM  a  •jrManMtc  imoucal  aod  coikatH 

dMCripUoB  of  ibo  etilef  oivaiito  dlM«Ma  of  Um 


ktclniyi'  aMOOlftlvd  vtlt  albumlDurtb    JunhhiA  ' 
[•r    i-ucd*    haa    mlaiBod    tlia    thanMalka   at  I 
briRht'«  dIacMt,  th«  D«M  In  which  w«  M  pi 
moirt  aeejl  liRlit.     lie  has  anqDaaUoiutilr i 
(a  our  koowtedce  of  (ti«  Biibjeot,  aad  Kb^ 
log  piacutionen   ererjtwiwtv  «ill  wa 
book.  —  Tk'    jKMTfoM   JotmNl    4^   tJki 
8«MMi,  Oct.  1U0. 


MORRIS,  JTETirRY,  M.  B.,  F.  R.  C.  8.. 

Surgical  Diseaaee  oi'  the  Kidner.  In  on«  12tw>.  volame  of  654  pwj' 
Vi  v<xidcuu,  »ml  6  wluriid  pbtee.  Jnet  naay.  Limp  docb,  S2.:i5.  See  Sirim  of  Git 
MonuaU,  psg«  4. 

In  tilt*  HMKttal  we  )utr«  »  dlaibxii  addlUo*  to  i  ho  took  U   hMd.     It  b  ■  full  and  tnulwarthj 

nirykal   lilJir«fiir<',  «>rllr^    xi'"-'   fiTf<irraaIlan  not  '  iiook  <if  rrlbNooo,  both   for  •ladanU  aad  p:^ 

ttMwti«r»  til  iw  iri«i  Hill  aork.     Utooh    uikxior*  lu  auatvh  *f  KBldanoa.    Tha  lIltMnhinu 

[»bn>A    HM  •li>llii<-lly  I    Mr.    Mnrrli    In  thn  loat  and  Iha  chmntu^iUM^rantiit  aro  brait- 

bMTecjdllliteniiy  AO'l    .  <<iv4  Ihv  t«tk  .  UfuKy  «xw?ut«<l.— 71tai.o«don  X«nMf,Kcb.M,lM^ 

LUCAS,  CLEMENT,  mTb^B.  S.,  P,  R,  C.  -S., 

.Jianui  JuiiiHo^.'i'afrynM  to  ffiu/'i  UoipUoi,  LoaiUm. 

Dlaefwes  of  the  Urethra.  In  ana  linuy.  vuluin«.  Ptepiu-ing.  S«*  Sfim 
tf  Ciitueat  Manuiitf,  {Xi^te  4. 

THOMPSON,  SLR  UEyRY, 

Ii»oture8  on  Diseases  of  the  tTrinary  Organs.  8«cxiod  Aiuvriota  frots  tlw 
ihiid  Eunilah  editiuu.    la  uae  $vo.  vttlLiuie  uf  ^  pp.,  wiU>  25  iUusumicuu.    CloUi,  (&t& 

By  the  Same  Anthor. 
On  the  Pathology  and  Treatment  of  Stricture  of  the  Urethra 
Urinary  Fialulai.     Frwn  ihe  lliinl   Eiii;lult  «diUot),     111  wio  ndavii  volume 
paij«H,  with  47  *.-iit£  ami  3  plntc».     Cloth,  S^.oO. 

THE  AMERICAN  SYSTEM  OF  DENTISTRY. 

In  Treatises  by  Various  Authors.  I'>iiie(l  hy  Wilbub  V.  I*in-H,  M.  D^ 
D.  D.  6*T  Prvfo^W  of  !*rntihelic  Dentistry,  Mnleria  Meriica  nw)  Tberopeiltit*  in  lb* 
Pcnni^rlvunia  College  of  Dental  Sinvvrr.  In  ihrao  rer^  handtime  qouto  Tolttrnta  ai 
■tlxjiit   SOO   iMgco  c<M:h.  ridity  ilhi»lnit«il.     I>r  Tolnme,  do4h,  ^;     leather,  $7;  half 

lilurofi.'o,  gift  top,  $t).    Volnme  I.,  rontainio);  IUI6  paj{«9,  with  S  plaim  sod  687  wooilcat*, 

rjttNt  rvnWi/.       Fnr  tale  hy  iittl>Mmptio»  m\ly. 


Tlio  Toliima  iiow  Iwiipil  Is  in  ereiy  iray  a  Diac- 

laldi'^ni  oae,  aa4  In  niany  iv~pc«Ui   tor  vxe»»i* 

3w  |>riiiuliiFa  of  cdicucaliil  pobllaliera. —  T/t£  litiUal 

■<tet<iFr,  Ocl»lj*r.  IWU- 

Th  •!■  nfijrclopaKlb  of  Dmilttrj'  It  baa  oo  an- 


HTior.    It  ahonld  tbrm  a  piut  of  avMT  d««(M^ 
liMuT?,  ao  Iba  tiiforBiaUon  H  oooUlfttt  It  <f  (M 

KL-aiP*t  r«lu«  la  all  enfaa^  In  tha  pnciW  irf 
Btifiry.— JxmtMm   /MrMi   of  DmOd  tTit-r. 
Svfribmbar,  IRSA. 


COLEMAN,  A.,  L.  R,  C.  P.,  F.  B.  C  A,  JEwwrn  L.  I>,  S^ 

A  Manual  of  Dental  Surgery  and  Pathology.    ThflrvMiehlT  rcrUoil  and 

_  AM«>1   U>  ihv  tiiiiJ  <il'  Aiii«ri(3ii  .Miiilcnia,   by   ThoMAH  L.  Bteu.Wa«»;?{,    M.  .\.,   M.  D., 
'B.  D.8,  Pn>r.ur  rUy»ioI<iKy  m  th«  ?hiliulelphU  Denial  C>}lle)[e.     lu  quo  hnailMim*  octavo 
Toluine  of  il2  i»gt»,  with  .131  I11ii«nlinn«.     ClfAh,  $3.25. 

ESMARCH,  J>r,  FRIJsbRICn, 

£arly  Aid  in  Injuries  and  Accidents.  Fire  Amhnl&uc«  L«ctur««.  Tnuat- 
laifti  hy  H.  R  H.  PmsvEf*-  ''uv.vfux-K.  Vw  tw.«  \vwAi»sta*  vtutll  12ma  Tolame  uf  109 
fwyes,  with  24  iUiutnitiona.    t^cA\\,T?i  wnft*. 

io  th*lr   Wa«Bwta  wnA  Tt«*WO*Wu   \tt  \  CW»..^u».  ^^g 


BVMSTEJn,  r.  ./..  and  TAYLOJif  Jt.  R'., 

Jf.  J).,  iX.  Z>.,  A.  M.f  Jtf.  />., 

Xat«  iVoftnwr  q^  »>iwr«ai  X)««*bim  AtrpeM  Ui  Chnnlf  Batyntrnt,  AW  F'-r't,  J^e'.  af 

at    1\t    OMrym    of    FKytie^iu    nnit  Vtarrcat  smt  SUn  TtiMaatt  tn  (A«   Cniiarai^  o/ 

The  Pathology  and  TroBtmcat  of  Venereal  Discuses.  iDclndloff  ths 
rMDiUnf  i«rent  inrivtigatinna  iipnn  the  anhjecl.  Fifth  «tliiii>n,  rorliwd  and  lugeljr  !«■ 
wrhlm,  !>}'  Dr.  Tajrior.  Id  dims  lurjce  ami  handaciuiv  chIxvo  volnint-  (>r  S98  |<agca  mlk 
1S&  lIlunraUoiM,  and  ihine«n  chroitii>-Utbogm{ihlc  flpiroi.  Cloth,  $-1.7  J ;  leather,  $6.79; 
utrj  \\uAKaat  half  Kiuvia,  fA.2&. 

It  !■  a  tTiIpnrliJ  rpnr-rd  of  bo»*«t  Xihot,  vid*  I  Th«  charaotar  of  ttili  ■undard  woirfc  U  ao  vail 
iriiwii?!.    I  '    'i-'>ii,  TKrviftil  icmtiny  «mil    kni^iirDlliat  It  woatd  bcMliitvfuaua  hMalABMalB 

ariflmiJ  *>  I '  :>-ii  mil  «!wityii  b«  1>*M  m  '  r«Tlov  lUgBiMiral  or  Mweial  palala  «r  •loellMMk 

■  bTikcmlLi  iiiidivlKTal  lIMralura,  T1ii>  <  The  T«rdict  uf  tbeprafcailoo  ha*  b«ea  pMaad:  U 

la  not  oDlf  (liu  bwi  icork  in  Um  ^agtMi  laagaag*  I  hur  be«n  »oMptc4  a*  Uba  nwl  Iharouali  aad  «uni- 
Bpoa  t)i«  inbjaebaf  which  it  lrMUa,bal  iImo  one  i  pl«t««aiNWtlkiDof  tiM  pallialofQrand  tr«alrti*ula( 
wnkh  ha*  no  aqua.  In  o«h*rtaaitu*a  (or  !!•  eh>ar,  I  ▼va*t«aI4l*«***a  In  thalanguns*.  Admtr«b4»a*a 
«aa>prel>«aalr«  wid  pnwtkiai  iMoililiif  of  lla  I  nioili^l  ot  c-JMir  ilrxcilptitni.  an  Mtpaaval  of  MOOd 
tbanMM.— JaMTMoa  Jow'iHiJ  •/ fA«  MuHtal  JiMMCM,  I  patboloKtoal  dootrUia,  and  a  BuMatorratloBBt  and 
Jaa.m4,  I  BUBCtiMAil  irraliiH-Dl,  Utaauaniaiaealtoilinina^l- 

It  t*  ovrtalalf  iha  ban  Khiala  trvailMi  on  t«a*>-  i  caJ  llUtaturcofthUcouDirj.  Tlia  addlllOBK  imda 
raal  laottrovD.aml  pa«1mliRUi«<l>c*i  laaaj'  Ian- i  la  Ui»  prv^wiil  MUina  >r«  •minatidy  JndlcloalL 
faamL— Aaihm  ViAmI  aatf  »irg^tM  Jmrnnt,  April  i  (mm  Uia  KlandpolDl  o(  praolteal  ullllty.— AwntaJ  of 
i,  1«M.  I  UtCaMuM  aiW  PaiMrMJ  J>u«a*mi,  Jan.  Isat. 

CORXTL,  r.. 

Syphilis,  its  Morbid  Anatomy,  Dia^osis  and  Treatmont.    Sjwdallj 

rvvbiM  bv  the  Aiulior,  ancl  Irniwiatcd  iriui  ootm  tuiil  luldiliunH  Iiy  J.  IlnntY  C  Kucn 
M.  l>.,  l)eni<in»tn»tor  of  E^tholu|{ic)tl  UUtolog;  in  the  University  of  IVnturlrnnia,  uu 
J.WiujAM  White.  M.  I)^  (.ecturer  nn  Vetiereal  Diamaea  and  IWnKiiistratrv  of  8arg«T 
in  liie  Uuivt-milv  of  IVruuylvauia.  In  one  luwlMUDe  octavo  volume  of  481  pages,  witn 
84  rerf  beautiful  illwiratioiiB.    Ctotb,  $^.75. 

TbeanaMtntoalabilhlaUlagiaaleharaidteniorilie  Ui«  ahote  rolum*  la  the  cllnlral  aaMrteoae  of  III* 
iHfd  and  imA  Mir*  a*«  admlntblv  danpTlbad.  TTia  antbw  or  tb*  will*  a^ualnWin*  ortlw  Inuialalora 
aatltliana«ulaBM>n*maBlfeMalwaaoftiiedl!w<vi«  irlih medloal IMcnUar*  noca OTUlant.  The  aai^ 
aaa  daalt  <r(lh  hliiloki)[l»]ly  ia  ■  manMclj-  way,  an  ritny,  tha  htatoloin'.  Ilia  iwltialagy  aad  tlta  dialeal 
«a  ibould  iDdeed  aswi-i  tbem  ia  bf,  a&d  Die  fnawreaofanMnaarara^naMiad  lnihli>ir<»|i  la 
aooainpangrlng  UlnatratlDoaar*  •■■ooUdPBiwAilly  tlwlr  boat,  imnt  praMIn)  and  moal  lM*tnMti*a 
and  wall  Tba  vartou  narrMU  iMiou  ablch  ar«>  fona,  and  no  oaa  will  rlaa  froai  ll«  perBuJ  iriUtcai 
iba  racoKalaadaulaaoMaf  ibi>ijrph(lf(i«<lyn.-nMla  iha  feallng  Ihat  hi*  uiaip of  lli»  aUa and  Iwpara 
wa  traaiad  wtth  nara  and  «>tinld»rBllnfl.  SjrpliUUlc  Uat  tubjeet  oa  whlrii  it  irtala  In  «  aimnMr  aad 
«Bllra>]r,|«ralnli^ear»brala]rpblll*aadIo«oinotor  aarac  tmm. — n*  LamtnH  PrnrmxiiHr,  Jan,  ittt. 
aiaxlaaraflat-jactafBllaflntarami  wdBoabmbl  i 

mrrcnrysoy.  JOXATHAJ^r^  it.  a,  f.  it.  c. «., 

fimnttiitff  Saiyam  to  tKt  l/mdim  HMpifsf. 

SyplliUa.     In  oao  IStno.  voliuoe.    Shortly.     6ee  StrUa  y  CHiueui  Jftnuut/n,  pa|^  4. 

G7t088f  SAMITEL  W.,  A*  Jf.,  J!f.  J>., 

/>tir«M(ir  o/tJu  Prmripla  nf  0«Ti)^ty  imA  vS  nimieai  Surgmt  M  tit*  Jlfa^V  MtHlml  OJItjK  t'  n^1*. 

A  PractioBl  Traatise  oa  Impotence,  Sterility,  and  AlUod  Pisordera 
of  the  Hale  Sexual  Organs.  Seoood  edition,  th<«oiiffhVr«vla«(l.  Inutw  varjtiand- 
auim;  oi-l«vo  T(jltim«<jf  168  pajjea,  with  16  illiuirntiuai.    iJloth,  (I .SO. 

Thi-  urii^iir  <'f  ilil-  iii<-iiiiixnii<t>  i»  Ik  rrikn  i4  ikoI-  hunk  ahnu*  ihi'  l.»  lia*  not  n^ioMmi  <ii  i^i-maara 
U»i>  ,  'I-     hUowK   1  '.linwof  olt-  'ITia 

flp<i  I  I*    r**t>li  1'  ii  ciui  ^>«f'  I'llad 

■nnr    .  '      <                                                                                .:  I  '  lobmli  -'I'                   >  I  1  mti:.'-'!.  .                         i   UiA 

'<(    in«inif<r>i  ol  it.r    1'  III* 

'1      llin  lirht  ur-ailw  iMi  I    '  '■  ara 
Hit    n^UAlnt'^l.— Tht  il-- 


GJtOSS,  8.  i>.,  Jf.  ZJ.,  Zi.  i>.,  X>.  C.  X..  etc. 

A  Fractioal  Treatise  on  tho  Diseases.  Injiirien  and  Malformationa 
of  tho  Unnarv  Bladder,  the  Prostate  Gland  and  the  Uretora.  ThitA 
ertiii-11,  thnnxighly  ravlaetl  by  SAMrKl.  VV.  Obosb,  M.  U.     In  oiw  octav))  Yolume  of  fi74 

f»^(;  wiih  170  iti'livlnillnnj.     Cloth.  (1.50. 

CULLEJtlJilt,  A.,Jt  HUM8TMAJ),  F.  J.,  JIf.O.,  X£.I>., 

ditrgtm  to  ikt  ff«r>'i1  -ti.  Midi.        ImU  Pnfnn'  t^  t'*Mr«al  2>iM«>ci !»  {h«  OM*^  of  Ft^wift'tm 

nmlAirgaaiy,  X»e  i'ark. 

An  Atlas  of  Venereal  Diaoases.  TniiHlat«<l  aotl  «dited  by  FaitxXAii  J.  BcM- 
n-BAD,  M.  I>.  Id  one  ImiMrlal  4to.  voltunv  of  828  pagM,  dcubla-mliitnai,  villi  M  H**^ 
nmuiiiUne  abont  tAO  flpirea,  henutiAillr  miIoivH,  man/  of  tham  th«  dte  at  life.  tHmt^ljr 
bounil  in ciiith,  $17.00.    A  tpvcinian  oftLo  pUtaa  and  taxtamt  I7  mail,  tntrocaiptof  25  via. 

Bll.t.on  8TrHIt.lfiAXT)1.0CAI.C0NTAeiO11«   FORMS    OF"  tOCAL    bISXASB    ArPECTIira 

JJl-WRDERg.  Inc.Mavavnl.<ir4T»p.aolti,|l.lk    PRtKCtPKUUI   Tftt  OW.KS*  Si^    «W.'g.'».W 
LKK-a  LECnrREti  Off  aTPBlLlirASP  SOHKi'riOV.   \a<i»a*»<».^cA.trt-*«.v««J»    *:v*i»-,*!J«>. 


L]u  Bbotbebs  a  Cb.V  VtrWtoxttom^tmt-aixK  of  SUb. 


I 


iV«^M«W  i^  IMnHUs^Djnr  «nf  Vrnftal  fiutaHX  <i  Sulk  Mtdittil  Olll»ft  OUt^o. 

A  Proctioal  Tretttlse  on  Diseases  ortbe  Skin.  Kot  tfa«  im  of  Studeote  am] 
PrMtftfonftn.  Ib  om  huii)w>ine  (ict&vo  Tolunw  of  fiiO  pagn,  with  66  btttalilal  mini  cUi- 
ont«  iUiiNlnaloak    CliAh,  9^2^;  IcoUher,  9fiL2&. 

Tile  Mittaor  iiiu  a'.ii^ii  lb*  iit»d«iai  ud  t>r»i-tl- 
tlmier  ■  worli   -  ^^Ui'^mI  u>  the  w»' 

•n-n.    W«  •^o"  '■iiiin*u4  th«  bonl. 

■ad  [irwi^K.^jliii.  Joum.  of  Sivt  .  ■■<t~ 

|[*Ml(iai>  ■<■  to  w\iM  maf  h«  <ntll«>l  iti*  j^oiir.mflti* 
aetue  ircaimcQi  orMScam.  11  !•  <|iUlc  UnpMslMs 
M  oiMia»nii»  iha  JiidkUiiuMMa  «1Ui  which  Ui« 
tamuitt  far  ibe  •xtenial  ir«Mra«nt  of  •«miiu  w« 
matmetmi,  and  wbat  l>  of  Mual  JmporUiMML  th»  Ibll 
•ad  alMtf  *iiMriiciloBB  (br  UMtr  (!■•«'— £«MN)  ir«*- 


rJ»>i    In   »i^[n>  TinucHc". 


Stpo  eari<i 


In    ilBlJitin   wUii 

•■n  not- 

C    to    do    II    M    Writ.       Ill* 


That  It  i>  DuioiirabcDAlr*,  a  iunea  tf  111*  ladas 
«lll  iliBw.— ifarUttiW  jr«iiMl  AMntal.  July  1,  lat 
ProfaiaDr  Bra*  kw  loag  b— ii  kniTtrn  ■•  an*  <^ 
th«  moM  lalculnu  lad  wiUnwlMtlP  inywwDM 
liraanf  (brRWloMCf  la  tlw  wmL  Kla  DMBMMiaBi 
coairfbuUau  to  mt  llcmnr*  «r  tbl*  nMlalv 
ha**  nload  for  hltn  m  AtTonUil*  r«Micnmq<i  a*  a 
cimftn,  MnMtaaMoua  muI  mMiuI  olMMrvn.  Ite 
mrou-kalil*  Mlranron  mada  In  oar  ksaoladca  af 
diaoAMH  of  th«  tktB,  MttMlallr  fNn  »•  aiaad- 
fttlnt  at  HuholoKldal  bMolnaQr  and  tMi]M>i*d 
ratthod*  M  inaUaaiDt.  aacMMfala  •  tovicMii  tt 
llkaolilar  uixt-baoka  at  iihorl  iDtarra]*  In  ordnr  la 
brtac  th«at  up  IaIIi«  nuuidard  dtmaqdad  br  <b< 
Riarrlt  «f  xihinca.  "nil*  Lul  dootrlhaUaa  m  Ur. 
Hjd*  t*  ut  «SM  Id  UUa  dirvcUon.  U*  ba*  ■*- 
l«Ripl*d,  aa  h*  Infortoi  ii*,  tbs  task  of  praaaaHaj 
.  ...  tn  KcoadMMtd  fonn  uiv  ndolis  of  tb«  lataM  rt- 

roadata  a  aorli  not  odIt  azpaunduig  th*  rniwt '  urmutinn  and  BiMrlaiica.  A  tsarwAil  aixaailnaUaD 
mod«n)  eoBMplloBc  of  Ulf  wMtcf.  bvi  prcMBtlnR  of  the  nork  MnTtaeai  m  Ibal  bm  tiaeM0eniv>UI>*4 
wbattaofalaadardTaJa*.  nahajtsiorcnpacJiUlj*  hl>  tvk  irith  falnMaklucAiiall^wid  wM>aa«d> 
dwTMad  It*  M(M  to  III*  tTMUnmi  ef  itltlitr  aod  llaM«  t^nalt.— JoarFMl  <(/  CUomom  nad  Fa 
bj  fab  tUtaAed  daaoriplhMia  of  thanpaada  aioa*-  /am>u«,  lua*,  IM3. 
uras  Ilia  ad^Md  ifaan  (o  tha  kaada  of  tha  pb]r«l- 


<nl  TVua  •■•.(  ffnifda,  Jnlj  ML  IMS. 

T1i«  wort:  of  pr.  Hyd*  irtll  to  ««mrded  a  btKl> 
poallloit.  Tlifl  Mndaal  of  tnadlelMi  vlll  Had  It 
panltariy  Klawcd  U>  bla  wanta.  fl«twfth«tuidinir 
Uia  sslval  eS  ib*  Mibtaol  to  whlnh  It  la  dmilad, 
yMli  itlliDitedtci »  atBilaandflHTarylarivToi- 
ume.  niihuui  iNRlMai  a  fntmr  dlMuuMon  of  iha 
tcviOH.  Jhu  coBBUtiMW  Bf  Ua  ToluBBiind  tli« 
■MIlnE  faith  of  only  what  caoh*  bald  a*  kola  will 


■iM  mak*  it  aw*puUa  to_*iD*nd  pnoUUo&an. 
-atui»natl  Mabtnl  Stir*,  Fib.  1«3. 
T)m  Blm  Of  lb«  HUbat  Baa  BMD  lo  pnaaot  Iphla 


FOX,  T.,  3f.I>.,  J*.AC.l».,«nrfJX>X,T.C.»B.^.,Jlf.iJ.C*, 

/V*Wf<iaa  fa  (At  AnorfMnC  for  8km  tH»«attt.  Hnfun^r  J>UaiH«  o/Ua  »*•  hi  U« 

An  Bpitome  of  Skin  Diseasea.    With  Formulas.    For  Stadonto  md 
tilionen.    ThiM  olition,  rrri<«d  athl  «nlnrgcd.     Id  on«  rery  hiodaoma  ISmo. 


'ITi*  II  I  "f  iiii«  c-iiifpulnjl  lialMlbnott  i 

oaJUfiT'.  i<  [i>UiiTBil-.hit.  aoii  eip»ii'tr.n 

wbloti  U  Ii**  iimiorBniiii,  'rhearniiiit>'tii''nt<'f 
dlafiaaw in alpbabalical  order,  wtu.ti  .Mtlirn. 
of  eiaulfli)aliaD  adoMd  (a  thu  wnik,  Ivami. 
IMibUIvo  adnnl*it«  to  ihe  ■ludnnc.     Th«  u^-\.  i' 
oa*whkhw«  oan  atrongly  r««oninif-ii>l,  ii>^  ifiiy 
tBatadaBbbalalMlo|jnuMllion*n- vI>i)T«|Dir«  a 
wn)i>aiidjML«  gntnaiary  ot  tba   praaent  «UU  of 
dnnn«tflhM7.— AiffA  ilMtmt  Jaim,^.  July  2,  tUB. 

W*  cordlklhr  rMomnaBd  Fos'a^fMMtouoao 
wbdve  Uiii«  b  limlled  and  who  ittah   ■  Iiandy 


mauual  lo  II*  tii^on  (h«  lahi*  fiif  iwunl  ivfMtwe*. 
Ill alBlubotlral  arrangi^r.^nt  U  <<iiit<vl  t/^Ibb 
I. 'I  wiiB  tia«  U  ' 


i.ptn  arv  IL- 
.11  tfmt  at  hsj": 
tiriit.    Tba  breaent  nlitirn  tin 
rw*lMd  and  a  uuBtlMr  at  i" 
teribrd.  wIiH*  naat  «t  the 


ji—a aa. 

niarkla 
•f&Xw- 
aivfoily 
af«  d^ 

iiUoM  Id 


dariDaJ  thanpeutloa  Bud  m«Dtion,  and  in*  IbfWi- 
1h7*I  Ui*  BBdof  tlipbool[haab«anod«uddaraUv 
BUgin*Dt«d.— 71W  JfflimI  JfmM,  I>«aeaife«r,  Un. 


MORRIS,  MAXCOLM,  F.  R,  a  A, 

J»utt  Im  titrrr  on  />«nM(o(ogy  <ii  ^  Ifury'A  Uotpttni  iltdttitt  Sdbiofc  ikmdao. 
Skin  Diaeaaes;  Including  their  Ddinilions.  Symptoms,  Dii^uaia,  PragMda,  M<m^ 
tnd  AiHitomv  and  IVratmem.     A  Muminl  for  .StiuUnU  simI  rnuAitidons.     In  one  l&DOv 
Toluiue  ur  310  pDtCWt  with  UlusiniUons.    Cloth,  $1.7o. 

To|ibT{i1«laDswtin wonldtlk* toknwiHimolliIng    fcr  elMtraa**  of  •iptvaabm   and   i  kr- 

about  ■bin  dlitiMwa,  •»  that  wliPti  a  fialivol  ptv-     raop-tneiit  b  better  aili|>U'>i  to  pri.  ---.ti 

aaata  hitnwil  for  rwlof  lfi*y  oao  tnaku  a  .-unoci  conoe^ttoa  of  doriii»u>(<igy— * Iwvul.  ..^ui-.- ^-Uy 
dbignMb  and  prwcrlbe  a  ratiocal  Itr-altn-'tiL  «» 
UBfaHllalliiRlyrocoinin^nd  ihls  Jttil"  lv:(>k  nt  Ur 
Nnrrla.  Tliv  afferrMoni  nf  tba  iklu  am  ilR-^rlt'cd 
la  a  ter?»,  lUfl'l  manner.  »nd  tli<'lr  »PVonil  cliannv 
larlatlcn  no  plainly  (ot  fnrth  Itial  diBKDi»l!>  i>l)l  l>« 
aary.  Tb*  traadnBut  la  aacb  cat*  u  tiich  a*  ilio 
si{iericiDreof  til*  iDtart*niJnflal<l*riaaloliigiati>  ad' 
rt>*i>.~CVt.finMmfMft<«l  A'twu,  April,  UM. 

Thl«  la  Mopbuleally  a  Ivamar'a  book;  tor  w* 


difficult  and  (vriilciliiji  IoUm  tMwiflnar. — SLl 
a-urur  tf  Jtffliout,  Aptll,  ma. 

TlH>inlt«r  luweprtalnly  KivpD  liiaHiia!tmn|«a* 
■  Ur$«i  lunount  Of  ii>»ll-<'i.iii|.|Jc.|  Inf'riiiali'-ti.  aud 
Ilia  tiitia  book  oompart"!  tKrii-^tiW  iritli  atic 'lUiar 
whioh  liaa  Mnatialod  fk-i    i    "  ^  whllalnnaMF 

C>liiii>  ho  baa  oniaiwlpu'  fmn  th*  aU»- 

>Tiily  atUioroil  i»  •fin-i  t  Ida  «««Dlnr- 

, ,  _ ,  ....   .  _    rnon.    Tltcfc  laeorialniy  (.xwiiudi  maMvW  la  t&* 

oanaaMyaay.thatlitibawIinlaTane*  of  iDsdlcal   book  wiiIrK  will  wvti  ropay  paniaal.— fiuMoM  JM. 
ItMniBT*  Ib*ra  It  no  book  of  a  like  teop*  irhl<<li  >  aitd  Sarg.  Jown^  Harah.  Ism. 

WILSON,  ERASMUS,  F.  R,  S, 

The  Student's  Book  of  Cutaneona  THodloliieand  Diseasee  of  the  ftkin. 

In  ono  hnndaome  noall  octavo  volume  <if  611?  p^<^    Cloth,  $X&0, 

SILLIER,   THOMASy  Jf.  !>., 

Pfn,!^^^^  t"  l*#  S*in  Depftrtmrr.l  ot  Unium  tUs  OUtqt,  LmdM, 

Handbook  of  Skiu  "DiaeaMj*;  Vrt*\.>sA«u>*w&VTM^>««*K.  %«»AV3n^ 
«Iiti.,n.     In  ont:  V»mo.  v»Vu«*  o\  V>a  yu^^S ■*^^^'- V^^^**-   ^^'t>>^tK. 


BlOTHUUA' 


^JV  AMKIilCA  N  SYSTEM  OF  G  YNJECOLOa  Y. 

A  System  of  Oynseoologv.  in  Treatises  by  Van i^-^  Authors.  Kdii«l 
by  JiATraBW  1>.  Ujiyx,  M.  D.,  lWe»w)f  of  <)l*H;tric»  ami  '  .  >■  in  ihe  Unl- 

nrdty  of  RaA&lo,  N.  Y.     In  two  Itiuuhome  ocIato  Tolmitei,  rii^<  <        .-uwl.     /n  MfiM 

prntdro/ion. 
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I 


THOMAS,  T.  GAILLARD,  M.  J>,, 

A.FraoticaI  Treatiseon  the  Diseases  of  Women.   Fifth  «<Hitinn,t>i>nyxig)ti7 

(VTtBed  snit  nwrHtvii.     In  one  large  and  baiMlaoni«  octavu  vuluius  nt  810  putev,  wiili  2<>(> 

fllnstralions.    1_1nth,$.5.(iO;  l«Alh«r,  96.00;  Tcr7hftn(lMitioliAlf  lUimia,  raisM  twrnlist^-dO. 

Tli«  <Mtf<la  wtiUli  IMIoM  "Hfth  villtinci**  u*  lo  i  vl«ua  oim.    A«  m  Unk  nf  r*ran>iioa  fbr  ll»  bin 


tht*  «••«  IM  Htan  rormal  ADtn'itinf'eRMnl.  Tbo 
•)MrWla«iB»adB(ldll)oiwu'tilr>)i  liarr  hpvu  nmlvkre 
boUi  auni*-miM  and  lin|iorUkiit.  T)i«  kt(i*fU<>n 
•nd  t|i*  p«TTnati«t)t  «h*r>i<t«r  "f  (hU  linok  Hf  lu 
Um  ela*m*M  ftMd  Initli  ol  ih«  rliulrd  il^koilj-iloiii 
sf  dltMM«i  Uiv  f»ril)liy  of  Ih*  Biiihnr  in  ihont- 
pMitte  KaMirc**  Mtd  iM  ftttnfiM  wicli  a-bk^b  the 
ricMlU  of  UvMincDl  »!«  4MRnlv<li  til*  ilaAniM 
cbarMtMof  iba  teMhtus;  anil  iMt,  bcil  not  Imm, 
til*  •vUvnt  tiui4ar  whlpn  jwrT*')'!*  Ii.  W*  woulil 
ftlM  pantoBlwlae  Um  riUD«M  with  vhli-b  tbe  hl*- 
tarfol  thaanbJoM  t*  gon*  Into,  vhlch  m&haa  i>iti 
feoAk  •d4IU'>nal)r  lDI«raatUig  4diI  eltM  tt  «*Iue  m 
m,  work  of  i*f*T>no«L — Xtmdm  Utalral  Tlt»*t  owl 
Uaultc,  Julyaci.  tMI. 

!%»  determiDMliMi  of  th«  author  to  IcMp  hia 
bcxdi  rotviDoM  latitm  nnkof  worknongynnooltiiDr 
It  MMt  gnUfrlnic.  RecdiaiiilDji:  llie  >Im)I  ibat  thta 
oMi  Duly  ba  MTomplUlioil  by  (t»nnmr\t  >jid  t)uir> 
M^h  rerblon,  hr  h>n  KMf«d  no  pBlnc  lo  inkli«  Iha 
{■(••ant  Oilill^a  mcirn  u<»ir*bl«  othd  lhu>  iha  pr*- 


pr«ctlllanor  It  la  uucniiAtled.— AMfAfi  JfAtuwl  anil 
9M-«<Mi  JoimMt  A|>rtl  T,  IMtt. 

It  hMbmfnRnlM'KcdaiiilnirAftilljrvTfnad.  tt  L« 
n»ordPTiit»d  eo*y*T''i«i>'lU  of  nynBiwJoffMtl  ln»Jl- 
i-ln*.  The  mty]n  of  bTTiUiitMiK^l.  Ill'-  mint^rljr 
n-.«jin*r  In  wlifah  •■L-Ii  »iih]mt  la  trmUHil. Br.il  ih* 
IxmrdE  nonrlrll-inii  •leriinl  ftnm  pti'^laUy  lti« 
l)U|{<'al-Clinl(>>]  *i|i<-rloii<-«  in  (lint  pfii*fi»iiy  nfutj 
In  thlB  pountry.  all  wno  lo  i»oii>miMiil  it  In  lbr> 
blalivM  tvfaw  tu  iba  otwfUttnatt,—Iti*livi'U  J<jirr. 

That  tha  pr«Tl<>iia  edUiona  of  Ibc  tr«atl»A  if  Dr. 
'  Thomaa  vnr*  iboiiRht  warthv  of  rrftnMatlon  iBlo 
'  GertTian.  Fr«nc)i,  lUIIUi  and  BptuilBli,  1>  tnouicb 
'  IakItb  It  til*  Hlaoip of  nnulaa  BiarIL     At  hntn*  It 

'  hait  niad«  It*  vtf  into  Qia  library  of  crery  otwtM- 
riolan  and  ktdvooIosW  aaaaafa  guliWm  f>rartlr«. 
No  nmall  nuoibfr  of  addition*  hat*  bt^ra  luaJa  lu 
Ilia  iiraantit  atlldrrn  to  maka  it  «orT«apoDil  io  r*- 
root  improTBiaciits  in  tri^atni«iit. — J'af\tr.  MnUeal 

,  oiwl  ."iiiryiiviJ  Jmrna!,  Jait-  IMl. 


EDISf  ARTHUR  W.,  M.  !>.,  lAmd.,  JF. R.  C.  P.,  M.  R.  C. 8,, 

Jtfur.  U4r*(pw  P^ahUm  W  Jfldtfatg  BttfUal,  lait  /^yiinan  i»  5HM<A  i:«4i«-<i«  UvapiliL. 
The  Diseaaes  of  Women.    Inolodinic  their  PaUiologjr,  Ouisaliua,  Sytuptoni^ 
UiAgTWOK  and  TrMtneot.    A  MaoQAl  lor  BliidenU  nod  PractitiMierii.    In  oa»  IiBitd>om« 
ocUto  YoluiDcof675iNigc«,  with  14d  iUanratinni.    Cloth,  $3.00;  laathar,  H-OO. 

Il  (■  a  vlaaaara  le  laad  a  book  m  tbonraictilr  Th«  irmtieat  ralni  har*  bean  takan  with  tba 
(oodaa  Iblaooa.  ThaapaeUlq^uJill**  wlil^-h  ara  aMilflna  Tvlating  In  ircumniL  A  llbrial  Hl>«tl(m 
«CFH«l«a«M  ara  UwrcnilEhaaaa  la  e^T^rlnr  tli«  of  retcadlt*  t»  itlToti  t>t  mc)i  mortl'J  cotidlUcin, 
vbMe  ground,  Ple(un«aa  cf  d— criptinn  and  trm-  lb*  atraoKtb,  modanf  applkMlliiii  and oUwr  dvlalla 
■alwaaat  af  alatamant.  Aaeibar  tnarkad  f«*iura  of  t«ln«  fully  axplalnad.  TbadaaoniKloiiaof  RyiMt- 
4ba  book  b  Uia  attMiUaa  f«U  to  Iba  datalla  of    eologlcal   mani]     '    '  *  " 


I 

I 


Baaj  nlDor  MiKlval  oparaKona  aad  ptoNdaroB, 
•a,  for  InilanM,  Iba  uso  of  Ictila,  aopltcaltan  of 
laaaliw,  and  nf*  of  hoi  walar  ta>«ei]oiw.    Tha** 
■ra  araonc  Ihe  mora  common  malhoda  of  treaf 
mant,  ud  )'■>(  Tcry  iiiitP  \k  uld  abovt  thtn 
maar  of  tha  i(>il-t<D»l[«    Tha  book  la  on*  to  ) 
Wiimljr  raootnmcn.ltd  atpodally  to  allHlaiila  ai>-i 
gooanlpranjilxiivii,  <ttiouaadaain>Biaol>utMini> 
plaMrtnHH^'ifttir  witoia  mUacL   0paclall>Ui,too, 
will  Ihtd  maiiy  uaoful  hlnlaln  fta  pagaa.— Jaatoii 
Jtf«L  Ml  tfHr«;  ,/earM.,  Msreb  2,  uaa 


inBnipnlatlmM  and  oparaUova  ar*  t\M, 
«k«r  awl  praelMat.  Knek  cara  haa  also  baaa  b»- 
■towod  on  111*  parU  of  (be  book  wblch  daal  wMl 
diafiioala— ««  nota  oapeclally  iha  p*i«B  daalMC 
—  •-  ■',-.  dtfhrraptialton,  ana  frmn  aadbar,  of  Ilia 
'  kind*  of  abdomlDat  tuniora.  TIm  mc- 
<•  HI  tliorafbra  flad  In  Ihta  Iviok  tbo  klod 
■,i  i.:>.>vimtK«baino*4naadaliihli>(l»lly  work,  aad 
h*  Bill  ba  ^aaawl  wllli  Ilia  olnaniKH  aivl  hilnaaa 
Of  tha  InfinnatloD  than  K\mi.—T>n  I'rtaatmw, 
rah  IMS. 


BAJi2^S,  ROBERT  M,  D.,  E,  R,  C,  P.. 

0«at«frk  Phgtietan  la  SL  rA«wu'  HotyHal,  LemSott,  Me. 

A,  Clinloal  Expositiou  of  the  Medical  and  SurKical  Diseases  of  Women. 

In  one  bandaame  octATo  ToJiime,  will)  ntimriMi'*  illiidtrniions.     New  edition.    /Vr/MiriAji. 

WESTf  CHARLES,  M,  J>. 

Lectttreson  the  Dtfleaeeaof  Women.    T\\lt^  KT(iftr\««xt\Ttvnv'&A<civ^\jw 
don  tditioa,    Jo  od«  uctevo  roluotc  of  M3  ^n^^cv*    C\w\V,^"h\\«oi\iti,V'~*^- 


EMMET,  TIIO.VAS  A1}7>TS,  M.  />.,  LI*.  !>., 

fivryiMHi  fii  tKt  H't'mvt'x't  tfiMfntnl,  Xm  Turk,  tit 

Tho  Friaciplcs  and  Fractioe  of  OTDSOoloffy;  For  ibeoseof  Studaatoi 
Pnolilioneni  <>l  MMlirine  Nf^w  i  third)  «litinii,  tboniughty  ivrued.  In  me  Urgcuil  < 
bxatboniM  ncuivo  vdumti  nf  S80  ji^riL-B  v.hh  ISU  iUuitntiiNu.  Ulotli,S6;  leulier, I 
vtrr  lundaitDK!  lutlf  Ktmia,  rabed  IxitiiJ!,  $0.50. 
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■Trtl-kiMini  wt-Tk 

■i«l  hitna«ir 

III  un-  aiiMially.  *# 
not  fkll  to  ipvr«cUU« 
!hi-tiiof  pcnHiDf;  iS* 

IllK  WO'- 
'    ^*      %^V     fllJI    < 


llo 

flaw-  iLi 

Wf    [Kin. 

H*(|lv 

#Di]«*ai'orf  to  ri'pri'M^Lii  iih'  ..    ...„ ,__  __  ^    

MiogtuBl  intMK'o  Mid  itrt.~£riii.iA  JtftdiMl  Jottr- 
«al,Mk}rl's>'">^  I—-  ~v....».... 

Kojoior  lii(l9«fUi*rilKhpnlMb«*l««r<1  ti|xui  I  frltlclstn  of  two  " 
tbefim  «IHi<ia  U  ■1NU4.  It  la  Mltl  ■  l>"k  ft  ii  idmI  varaot  • 
markod  |frr<K>aft)ity,a<i«bai»d  npoii  larKo-iiiii'ii,'  pvii*— "*(>«r  K- 
vip«ri»ac«.    GonlailiiinE   bupr  nail  v>JukI>I-  -.    -  <'  . 

ditu>D>j  ic  "ur  ItBOwlvdica,  vildVDKv  mriw 
«cil}r  wiLli  htiimlj'af  parodu-,  buLwiui  >eo>i-' 
UOOB  Ki€»w  of  r«ip(W*II|{ll1jr,  hkI  s  book  Ui«i  !■■  »'.     ^utfuai  r;  r.j(j':-.rj,  nuj,  ir< 


«pll   Ubv  Ml   llODtK  |>! 

■nd  leel  that  hiv  N«-k 


:1c  loh* 

-k  ii.t  ■ -■.Mp»oonnuy 

It  tIM  klWIJI  t»i)D  ll« 

"!);*,  !■:■  fatlDf  II  KltfaUi 

'i.'tltlotHT.    TIm  oric- 

"rii  U)«  periWt  <a»> 

■iillltnr'"  •^»f1t»!'«H 
-       ..irjr 


nVT^CAN,  J.  MATTUEWS,  M.I>.,  ZZ.  ».,  ^.  R,  S.  E,,  etc. 

Clinical  Lectures  on  the  Jhaevsov  of  Women:  rvliTvn'il  in  Soinl  Bmt- 
tlioluiiiwV  Hu«|iita].     In  (ine  hanilmtue  ijctava  volmiivof  ITo  pur*"-     <'''''ti,  ^l^Vf. 

TtiPT  (tru  III  ainry  ■•jr  wortliy  ifl  tLair  •ullior  ;    Tuk.  ai](«iii&l«l]i  buidl.   '  -  {-tnokai  uUwrs 

lod«*J.  w«  look  ut»a  Uieok  mn  unoai  tti«  moat    orihMn.wlitTt^b^ttrlsK  UiMantuuaUT 

rklualifr  of  Mn  tviotriballMia.    Tlivy  mi«  aJI  <j|>uu    (tnnmi  nf  <'  '  irk*.  y4>t  twar  aocfi* 

liiAtlcnof  icrci>Lltiii.-r«altotli«|«i]«nlpractitk»i«r.    rMmp  of  ih«f   4«>ar«»  W  b* 

Sonio  nf  tl^rm  ili^l  vtth  Mtt)Mb  that  ara  ikii,  m  a    wliloljr  reft- 1  ..■uiwi/,  Ifuvth,  UHl 

Jtf^r,   CII^UtLES  H.\  M,  ih" 

A  Uanual  oftho  DlBeaaes  or  women.  Itcin;;  ■  •.'oocLtc  »nA  ■jrBlriuni.u'  expo- 
sition uf  tlie  tli^jrj  »nJ  ))r&cuce  of  gfaietvlcKT.  In  one  lUnro.  ToIum«  of  M'Z  psgiL 
Clotli.Sl.7A. 

Mi'tlli^l 'liirfanU  will  find  tlii*  worV  adnntnl  ln(ilna>.anil  ilia  )>ra>>*iitMllnnonhr  of  *nnp|M«d  rimv 

,  Kt"'  -n-  ■-      •  I--  T- --ri  of  mcdinop  wtii '  '■  -'■■ -. ""f-  -!-ir7eipoti|Oi>B(ir  tM 

i:>(>onpti1l   T't   (III  '  iii^  a*  th«7  an*  UIk 

r.liujMMilho  lrft.1  —OMfrnM)   JVa^Ml 

Hit., ■-■■'  -  Rj....- ■.-■M...  -ul.J«ri.    By  iijiit^.;.i..-.  ;■.,..  .^«. 

oikitevondMiiMioai.invpiBtiuiUreofdlipnudqiiW'i 

UOSJGE,  HUGH  X.,  JIf.  X>., 

fihMnM*iVo^HM«o/OM«rHM,f(&,M(k«  UntMrntg  «f  J'tmigliMi'la. 

On  DisoosM  Feoullar  to  Women;  Indndmir  Dbplicmnente  of  llie  UienaT 
BmimmI  vxlilitin,  rcriMil  mad  CDlnrgol.     In  r.n«!  ben u ti fill tv  [trinUd  oct&TO  ToJitnie  cd  51f 
pogtM^  witli  original  illiHtrstiotw.     (.'loth,  ^.'^1. 

By  the  Some  Author. 
The  Principles  and  Practioo  of  Obatetrics.    lUustntod  wiili  lar$v  liiko- 

gniphic  filult»  <»nuintn|;  1 5^  tiKiirc"  front  orifntuil  p)iot(igni)>lis,  mkI  wttli  niinierons  mwi- 
cuIk.  in  t^nt  l«r([4i  quarto  wluiiic  i.if  ■'A'Z  doiiUv-coliuiinod  |iaK^  Htrunxl.T  bauul  in 
cloth,  $14.00.  SpcdmtiM  of  the  pliit«s  aorl  lcttcr-prfls>  vrill  t>«  forvsnlcd  Ui  adv  adilresi 
ffrv  liv  iitntl,  iiti  ron'tpt  of  nix  riMilii  in  [Hi>rt.iK9  •■taiii]wi. 

RAMSKOTHAM.  FRANCIS  //.,  J/.  D. 

The  Principles  and  Practice  of  Obfltetric  Uedicine  and  Sui_ 
In  rcd'eretiM  tn  thel'rc-ccosof  raruiiilion.     A  n«w  anil  cnl»rK«(i  edilion, tltanmi-'M*  mi 
by  the  Author.    With  uldiiioas  by  W.  V.  Keatiso,  At.  l),  Profeasor  of  < ''  -ii, 

in  Die  JcflvnK'n  Mnliml  Course  uf  I'diladdphia.     in  one  bive  uul  haniL-  :  -    i&l 

oci«To  volume  <if  &40  Png^Bt  "itb  ^  ful1-p«K«  plates  and  43  wixximis  in  th«  tvit,  (vniuo* 
ia^  in  all  oearly  300  be«uufnl  fignrea.    Stronply  botmd  in  leather,  with  nMttl  IouhIs,  $7. 

H'lyCKEL,  F. 

A  Complete  Treatise  en  the  Pathology  and  Treatment  of  Childbed* 
For  Stiiilcnta  and  Prsutitionei^  Translated,  with  tlic  ranaent  of  the  .\nthnr,  fmm  Um 
Hvond  Oernian  nlilu'n.  )iv  J.  it.  ('hadwick,  M.  P.     rv-tavo  484  paK«^     Clotli,  $4j00. 

<isfrwKr.i,-s  PRAmcM,  tbf.atihbus  thk  ,    -<>  .  dlskabes  pboiiuab  to  wo- 

DISEASES    PECVLUB.   '^>   ViOMY.'S.    TWiA  ^     ^^  -io.toI.  ^IM  |m«.   CloUi,ttJei 

Amanoui  from  ih*  Uvlrd  vaA  niSwd  \XinAm  .  MY..         .    .  .-.v.'s>.'W%V^%V^%  INO  THUT> 
•rfllfitD.    Inon6  8»o.tol-»6.fi30.  C*<wto.«i^.    .,    *'/^''''y.Yi^'^'^i'*'->:2y"*-  "«■  "»•«»■ 


BOBEJtT,  M.  U.,  and    FAJf^COUMT,  M.  D., 

A  System  of  Obstetric  Uedioine  end  Surjget7,  Thdoretieal  and  Clin- 
'^f  oal.    For  ili«  ^twle-Dl  and  iln'  I 'rac  lit  inner.     The  Seetioo  on  Eail'ryolcigy  l11tll^il■llt•^<l  \^ 
Pmf.  MUtum  MtnhmM.      In  one  handiujinenruivo  toIuiim  of  S73  poen^  whit  231  illuf 
tntions.    Cloth,  f-'i:  lenther,  ffl.      Jul  nvefy. 

Thia  lyvum  «it!  '  '  lultt  Tor,  n<4  nnlf    hiflrachnrMxtUuitadBoemichauriKboaililMnbody 

Ml  UMnot  of  lu  111  >i.  Imii  ibo  l>erfiu!^    wlihin  ■  ilntl*  tr»«llt«  Ih*  aT*l*Bi  which  h«  Ma 

tb*  tvpUMlloc  whUi-  ...  ■  •rii...   hj  i«f )>'i<Iit  ftnd  In  pnwilr«t»«lfiJ,  ""il  "(  nlil-  it  ^  ntt^ 

Iv.liM  •»m«<j,  cwM'-- 
■ojr  booh  omanmtlnK  fmr 


pr 
tii<>  cf  a  IIFcllnic  or  i^nirr ' 
-Ti  And  (Jd»p  tliuiy.    Til' 
IB  MMtlilnf  mJ  roDMti^u   ...   ;..,.. ;  ..i     .l..  nt  li  tliAi'roiliioili<i><-[  i> 


dMdciIilnaDIIy  flltltis  llikl  •iiiiiii  whu  li«>il->n«  »<t 

Jur  to  maBj  Jt«r»  tiu  tmva  «ld*lf  known  H«c«p»- 


<f  lllrlxni  and  wlilc-Ji 
palm  touijrnlnlvtrk-ii' 


fVa/iuer  t>f  Obi<*(n<s  omI  tA«  Ihtit4»  <^  tt'onen  wd  Ch»ilr«n  n  U«  Jtftrnm  MtiHml  COtlff. 

A.  Trcatlao  on  UidwlTery.    In  oov  vury  Uuilauuis  ocuvu  Tiiluiiie  <>f  aloMii  ^^ 
with  DUmcroaA  illii«tntion&     Fary  <Aorf/y> 

Pi^r^M/zt,  IT.  ^.,  jtf.  D.,  F.  R.  a  p., 

Prvfmtw  of  (jt^UInt  Mtdinni  m  Kmft  OAUgt.  Lankan,  tu. 

A  Treatise  on  the  Soicncd  and  Practice  of  Midwifery.    N«fw  (fixmh) 
Aiaeniiui,  fruiu   the  SfUi  Ktu:li^i  Mititm.     l-JJiit.tl,  vriLb  aiUiilMU,  \sj  uaasKt  P.  ilAKr 
sn,  U.  \>.     In  oiw  hnoilHime  orlaro  voliiiue  uf  (t&4  page*)  with  3  pl»t«a  and  201  «ngraT> 
Cloib,^;  iMther,  >5;  hulf  RuMa,$6JW. 
Tlila  ■nil   raniAina  m.  bvorlM  In  Amsric*,  DM    for  BtadMila  b«*«  t*Ty  much  to  ItomtA  at  In  IhU 


»Blr  b«<«U»0  (fa*  MlllWf  IB  rtfiOltBlWd  M  B  bbI* 
gulil*  •&<■  amincnUf  pic^|(— »iTa  lUkii,  b«t  bIm  bb 
Bpulac  no  oOc-rt  lo  rotJiB  sBoh  nwo«wiT«  tdlUim 
•  MlliBil  mintir  of  lb*  laUBt  aad  baat  pnioUica. 
1  work  BO  frBviwntljr  nolloBd  bb  ih«  prwtnl 
r«ub«*  DO  fn.-ther  mtIbw.  W«  belieia  tbsl  Uili 
BdltloQ  b  oloiplr  Um  ror*runDBr  of  xatay  04h«r*, 
Bad  Uiat  (IiB  datDBod  vttt  Vf-*y  ;>^<~it  ^llh  tha 
BBPI'ly.— ^BWrtftfH /sw^-  ■  r.   tWft. 

Btiic«)tsflnlpal>llaiti>"  -t  Bgu, 

R  hBB  raptdl]' b*oo(n«  it -M.  to 

UlB  pnMirBl   bipIusIod    <f    nli    i  l1i''->.     .\     iargt< 

BifanrBoDt*  pojMilBrtlr  lidncio  ilia  'ilvar  Bud 
•BI7  Btjrls  In  «!ilcb  It  ta  wrtthm.     Vvm  tti%\-hoo)f 


iDthBdMrttilBBthBt  lhlK«XL-BH«[llaIltl  blghlT 

Mt^etD«d  work  Yim  tM»n  l<cp«r«  the  pr«ft»»l<>ii  It 
liMs  rcBchad  *  (oiinb  adItlMi  In  IhlBoajitairr  aiid  b 
flflboH  in  UaRlBDd.  Thliffevi  Blono  fiiwic*  la 
bfgh  piBl*«  at  H,  and  tl  ■epma  to  >>  -  i  <  -Aj 

mortDMd  bBBBldurtim  thowiv  "nt 

ufltavBlno.    Asa  IBK  lank  (M--I  (ir 

th«  Ultra  arth*  |t»ii«rBl  |ir*ciill'"  "o 

irurk  on  obfteirloa  upvrioT  ki  il  IT, 

J'lBVfhlr.    ho  i«Bohinf*  Bra  Tn>''  "  '" 

plain  lannuuta,  Bnd  affitJ  ■  >  i  '     >  i  <■( 

oftboBri  ofmidwifKry.     .*- 

pninlod  In  \L—Cln**mt-tti  M' 


X 


KI^G,  A.  P.  A,,  Jf.  />., 

•  /Vo/HMn- «/  ncuf <(r  trj  nmf  /i<ma*«*  o/  iroMot  a>  tAa  tfaUiitil  ApW'^Mal  0/  Ma  CbttunhaB  thuMr- 

«>rv.  tl'^ikrn^t*,  iJ.  C  ami  tn  (h  LVid'friifv  <•/  Vrrmaia,  tte. 
A.  Uanual  of  Obstetrics.     New  (thini)  mlitiun.     In  OTM  ver^  biDilMBi*  Mmtt. 
Tolunie  uf  S76  pRfaM,  with  lii'J  IliiL'itracionH.     v:U>th,  %ri:2!t.    Jum  rtailf. 
A  few  mitiuM  of  the  |ireviiiiiii  eciiiiun  nra  »[i|>en(Iud. 

i  dBQMd  iHrlo  oC  OMBpcnUloit.  Iba  wrliar  liB*  pr» 

MDtod  B  p<Ml  dual  uf  wbal  II  la  Wall  IliBt  BtCfT 

■itMifflrl'-lBii  aboiild  know  and  F<o  n-aily  In  praftloa 

'  or  pr«MTlI><<>.    ThP  fBCl  tliat  Itio  JamaBJ  for  tb* 

I  lolutna  ha*  baaa    auvb  >■  U>  pxluwiai  Uw  drat 

I  vdllloD  In  B  Utile  orar  b  VBBr  and  *  bBJf  apBAk* 

wall  fnr  IIB  mtmlBrllr.— 4 Martaan  JbmiwI  a^  Wa 


II  mual  ba  BCkiiowladitml  [tiat  ilil*  la  Jnil  wliat 
h  prtMBda  lo  f»— a  'ftdod  k':!-!'-.  a  i-"rUMo  Bjiil- 

aam^awnak  '  ■    ■   ■■    mufi-r 

ha*b««>B  111-  i«  nnii 

•hafr.Bsdiit,.  >i  Ml* 

wbaAtorcondiTiKrii  iinir.dn'iii.—  \r-,-  incinii/rA  i 
loal  «rf  flWyfmJ  JommnI,  tUy,  i«M. 
la  ft  BBrtaa  a<  aliart  panf  rB(>ha  and  hy  b  ooo-  I 


^BAMKISR,  rORDYCE,  A.  M.,  M.  D.,  LJL.  1>.  Edin,, 

^1  aimieal  t^fr^nr  nf  UldtMfarv  nml  Ihf  /Jununo/  ir>m»a  in  Uw  A«(t«w<  f/e<piM  JMimW  CbU^A 

^1  tCmr  fork,  JftMorary  AUmb  <>f  l\i  Ot'*Uf\Mt  SMieltui  of  i.cwl<n  <i'»l  mu\t«txt*>.  <'<..  "r. 

H^^  Obotetrical  and  Clinloal  Easaya.    la  oue  baiukoiue  I2inu.  volume  of  Bbuut 
mBARyES,  VAyCOURT,  3f.  />., 

^P*  OM««rw  />Bv«<«iiit  In  .St  TAhhw'  ll/jrjnlnl.  Ifmbm, 

A  Manual  of  Midwifery  for  Midwivos  and  HedJoal  Students.    In  one 

tojml  I'Jmo.  v<iluiu«  »f  I'.'T  ja(,-i-B,  wilh  .'/.>  iUimtrutiuUB.     Cluth,  fl.iV 

[^ARRT,  jons  «,.  Sr.  xili 

rX-irdnnan  to  ilu,  fKiiadii^tJA  OuKpibOt  l%M-/Vwidbnt  of  tka  CttllaL  A«w(w  «/  /■Ai.'.aMjMkM. 

Bxtra-Utonne  Pregnonoy:  Itit  ciinlntl  lllitoi?.  l>iit£noMiH,  I'njgnoaiB  an*! 

l-TreBliueut.     In  ontr  ItatiiUome  uptaro  vulunie  "f  272  [umw.     Cloth,  fS^M. 

VAIfNER,  THOMAS  If  A IVKES,  Jf,  D, 

On  tbeBigna  and  Dlseaaeaof  PMgnftncy.   V\ta  kTf*iA«a.\vn».*v*«'^«*- 
"-*!  «liti<Mi.     (Muro,  4!>0  pngm,  wUU  4  o^raA  v»W*  mA\%  w«Aj»S»-    O^iCa.i 


nous — Miiiwfjr.,  iwji,  I 


LSI8BMA2f,  WILLIAM,  M.  J>.. 

ASystemof  Alidwirery,  Including  the  Dtsoasesof  Prcsnancy  and 
Puerperal  State.     Thml  AmerKtm  e<liliim.  revie««l  I'v  llm  Author,  witli  adiltti' 
JoUK  S,  F'AJIRY,  M.  D^  iHwietriiian  to  the  FhiUdcliihia  uiKpital,  cic.     In  hm 
very  liBmiMome  udaro  <roliiiii«  or  740  xitc*.  with  L'iJ>3  ilhiKtraUoiuiL     ChiUi,  %iA);  1 
9&-&0 ;  very  haodiiome  haU  Kusua,  mat^i  1<Hit<is.  lO.OO. 

COMB*  htlBfly  tba  mmpKratlv*  mBUoni;  of  l)i«  l>cl- 
vu  ftnd  ih*  ni'>bl[!t/  of  the  pelvlo  wU«uU>tiOBit. 

Tlip     kvrrtnd    nha|itar    la    davoMil     <>iip«nUJIy     Ut 

tMWnd;  or  th«  ixItU,  «MI»  In  tte  tlklnl  Ui« 
UmmSv  or^gKoa  of  KnvmtloB  v«  latrodawd. 
Tb*  rtrncloni  and  deTvlvpineat  of  tli*  ortun  we 

•dinlimtlljr  dnerlbMll.    Tb«B   f'.'l.iw    I'tmnirr.  iir.in 

tb*  TKHon*  »ah>>>cta  pmbriu^i 
wlfriy  Tbsdneripttoaitbr- 
|)Uta  and  pl***i»i[.    It  liautli.i  ... :       _.    :....:   u 

luimrs,  nBXTtT  g.,  a,  m.,  st,  />., 

IVi'/Mi.rr  n^  Obtutrin  and  He  DUtaiM  of  H'«m4'i  ui  Starting  Umlifal  OjUtga,  OJmmiut,  O 

The  Managoment  of  Labor,  and  of  tho  Lying-in  Period.     In 

lino  12ino.  vcdumc  of  334  p«g««t  irith  'J^  ilUatnttioruL     Cloth,  CLTiV.     Ja*l\ 
K  •  bMk  vo  MO  bMUtUr  r«^min»Dd.    uid  bvt  lynuKieBtiy  f>inindv4  fVom 
>  Hilhor  goea  much  tnont  prmcilciJty  Into  Ili«  |         ~ 
4m>1Ii>  of  lb*  mMtaRcnMit  «f  Itbof  ih4B  ttjiMt 
U<xl-bunlu>.  ud  !■  BO  rMKhbU  ibrougbornt  *■  tri 
Mtnpi  aajr  ««•  irbo  should  bkppvn  w  comraaBM 
ua  IxMk  to  mad  it  Umnicb.    Tb*  anlfaar  pf 
mippotm  a  thsorvlloal  knovlcdKi-  ut  iMMtvlrtea. 


rc«a«il  adntooamenl  In  lhl»  Aeld  baa  beau  I 
FarvanL— /liyaMaa  omI  Ahvm".  Jkn.  tarn. 

Ta  tiM  Amadoan  atuAanl   lh«  *<)rk   tiotbrv 
mii>l  t.r  '<T«*.lmlnJ.l7&iai>(rd.    Crap:i.-t«  In  all  ] 

ti'  J  pneMaa,] 

r  "'  .   'i   :  I    <  '  ..'     Ttia  «u(k  aaaiwA  fltU  la 
,..  ,■    >.       liititf  MconiBiakdatL— V, 

M.d.    -'^1  b-tr'.-   ..'..i.--..  March,  WHO. 


tbHJ 

work  or< '  ■"     ' '  -'  '-  -  i)  of  iiraodcal  uMI 

Jrl»K-lf<  thid  If  ii  It 

rrwr*!    :  'I    411  niUBb  U> 

olMtatrk'  I'l  >>'"•.-  ui  t-'-rnL—XntOrt- 
tai  Md  8«rfUia<  Axinwl,  iUr.  IIML 


.1.-  betbaeaa 

neat 


8MTTH,  j;  iJEWTS,  M.  2>., 

_  A  Treatise  on  the  Diseaaea  of  loCancy  and  Childhood.  I^*«  (aliti) 
editiMi,  thonoirhlr  rerloed  luid  rpwrill«n.  In  unu  hnwlsuniv  octaro  volume  of  MT 
pacH.  with -10  illiiMtnttioiw.    Clolh.H^;  Ic^lhcr,  ^.Ml ;  halfRumia.9tt.00.    JaM  rtajf. 

RaralT  dowi  a  plmaaMvr  tMk  bll  t«  Ibe  lolof    l>ui  nn*  )K>ak   on  tlir   •II>riw*   i  f  atilldra^  ■■ 
Um  UMIOKrapber  Uiaa  la  aanouae«  Uia  amwamae* 
of  ■  now  adlihin  of  a  maatoal  elatalQ  tUa  I'ruf.  J. 
Lawio  tinltb's  TVuliM  <m  rJk  ffiMau  of  imamffi 
OMd  OMcUciocJ.    Pot  raan  H  ha*  atood  lilan  tn  tba  1 
flonffalaaea  of  ib*  protfMalon,  aad  »tth  Qitt  addl- 
tloiia  and  atwraiioaa  ao*  nad*  li  la*!  b*  aald  10  | 
ba  (h#  baM  book  in  the  laaguafv  on  U-it  •mb;rfM  of  > 
■bin))  li  traau,    Aii  •■amtaailon  Ot  <h«i  \*%i  fully 
■aslBlna  lh«  olalroa  mada  la  Ihn  |irpfim>.  iti»l  "  lii 
prvpajlugtho  ■iiiihadliioD  tli«  autborlia*  r»?liMl 
Ihf  t«it  to  pii^h   iin   Pltant  that  a  cnnaldrrahle 
pan  t>{  Ui«  txvik  m^j  tt»  nofialdoiwl  i>*'ir,"     If  tha  < 
yoNog  praetitianorpropaaaato  plai;a  la  hUllbnrf  | 

KJSATrxo,  johnm^mTd,, 

The  Mother's  Guide  in  the  Management  and  Feeding  of  Xnftuta.   la 

one  handaunu.'  12ui<t.  votiima  of  118  |Mf[ea.     Clolh,  91.00. 


irould  tinh^nltallti^i'. 
which  I*  thi>  aulylvi 
Jauniai  if  (At  iftdi- 
S'f.  liolUir  work  tr. 

Kaf-d  Id  the  hand- 
doa*.  a  vary  wifn[<  '    - 
and  paltiolOH  of  ihe  JU^^asr- 
paMiwalli(    iCa    fanhar    a-lTar' 

aiMida  ahwe  amoapf  other  wor , 

of  nMinnimandInK  rraatni»nt  In  atwrdaiiMi 

th«  Bioal  rMMl  then4>euiie«l  viawa.— AfiImI  < 


■->:' 


Work*  Ilka  thl>  npsiain  aid  tha  phTaklan  Im- 
m**uti\y,tm  it  aarc*  tha  tlma  h*  t>  roii-taiitly  g\Y- 
InR  Ilia  pattanla  In  iBatracling  Uiam  oo  iliv  aub- 

iaola  liar*  dtrall  upon  ao  tlmroucHlv  and  prarfr 
lc>all]r.  Dr.  KWinR  haa  wrllUiua  praeilral  book, 
ttaa  careflilljr  avoided  UDC«c«?«ar]r:viprlltlau,  and 


■ueMaafbUy  InairiMWd  ilie  nnftbar  In  aaebdMaQ) 
of  tha  tr«atniaD(  of  barolilldaadwolw  vpob  ~ 
Ha  baa  oladlnaalT  omtitad  KlvtnR  praaartpt 
and  binruct*  th*  uotbar  whan  la  can  »paK 
doolnr, aa  hi*  duttaa  at«  UKallj- illMlaot  ftma  ban 
—AtiurteoH  JMrwaJ  ^  ObaMrMa,  ileiabcTt  UB. 


£ur0MH  to  (Ac  C»tl*-«n'4  U«tp<t9i,  Ortat  QrwMnd  M,  £««<IM. 

Surgical  DlseaaoB  of  Children.   In  odo  I2mo.  voluine  of  fiSS  PBRMt  vUli 
cibroiiiiy-lilliiifcriiphic  plates  aad  8A  vrMidcut4i.    Jtut  ready,    doth,  $2.    SMMruaycbb 
ifol  Slunual*,  p»gD  4. 

Onal«lmma41al«lyairuokonrMKUBCthti>tei)k  I  t>oa<«Ur   raovmni«iidc4   t«   both   aMdanto 

iritli  ttaaiirMatlaiityl*  and  Ihv  aildanva  It  eT<>ry- '  pmrrtltlannr*.      Il  ta  fijll  tit  aouod    InltonnaUMl 
wbera  praaaataof  iha  (rractkal  famUlaril}*  ol  Ita  I  pleaawiity  glvaa.— , 


aullior    with    bin    >iitijHiL      7'lin    Look    may    l<«  | 


-A«UtU  <lfO»f9tnr,  X«J.  taK 


WEST,  CHARLES,  M,  D., 

f^f Ileum  III  iJka  HmiHtnl  /vr  ffirt  t^itdrmi,  /.loiulfim,  tie. 

On  Some  Dlsordora  of  the  Nervous  System  in  Childhood. 

IZma  Tolunwof  127  pagnt.     Cloih,  (l.<)0. 


Idi 


WEBTS  LRRTURFSONTU'RDVStNSWbOVIV 
FANCY  ASU  ClULDUOOl).    Vn  otw o«»vi -.rfL 

coNDiirs   pRAimckt.  ittEvnan  o*  t^* 


X 


\>Vh«'.»Sea  OF  OUILDKCK.    etatk  adlUoa^  I 
^^anAMAMt^B^^la^wA■   \«(Aa  oeiavo  xotan*! 


IiKA  BaoTHEBs  &  Co.'s  PUBLICATIONS — ^Bled.  Jiuis.*  lliscel. 


31 


27J>r,  CHAJRLBS  MJEYMOTT,  M,  B.,  JF.  C.  8., 

PrvfiMtor  of  Oumittry  and  of  R>r«uie  Medtebu  and  PUblie  BmUtS  at  tits  landm  MotpUal,  tie. 

Legal  Medicine.  Yolche  II.  Legitimacy  and  FtXemitj,  YrvpoDcy,  Abor- 
tion, Rape,  Indecent  Exposure,  SodomT,  Bestiality,  Live  Birth,  Infantidd^  Afiphjzia, 
Drowning,  Hangii^,  Btrangiilatinn,  Bucbcation.  Malting  a  very  handsome  imperial  oc- 
tavo volume  of  529  pages.    Cloth,  $6.00;  leather,  f/.OO. 

VoLUHE  I.  Containing  664  imperial  octavo  pages,  with  two  beautiful  colored 
plates.    Cloth,  $6.00;  leather,  $7.00. 


Tha  Mtlafactloa  expr«HB«d  with  the  flrst  portion 
of  this  work  Ih  In  no  wlsa  iMseaed  by  »  perua*!  of 
Ilia  ■econd  Tolume.  W«  find  It  eharmcMriud  bj 
tba  iwne  fulne^ii  of  detail  and  cleftmeis  of  ex- 
pranaloD  which  we  had  occasion  so  highly  to  com- 
mand in  oar  former  notice,  and  which  render  it  so 
valuable  to   the  medical  Juiiak     The  copfoua 


tAbles  of  caaeB  appended  to  each  dlvUlon  of  the 
gubject,  must  have  cost  the  author  a  prodlxlona 
amount  of  labor  and  research,  but  thev  conttltala 
one  of  the  moHt  valuable  features  of  the  book, 
especially  for  reference  In  medlco-legal  trlala,— 
American  Journal  of  Ut« Medical 8cimtM,ApTil,'U8l. 


TATLOM,  AIjFMEJ)  8.,  M,  !>., 

Ltttttr«r  tm  JItdieal  JvriaprudtnM  and  Ch^mittry  tn  <7uy'«  Hotpilal,  London, 

A  Manual  of  Medical  Jurispmdenoe.  Eighth  American  ^m  the  tenth  Lon- 
don edition,  thoroughly  revised  and  rewritten.  Edited  by  Joiiir  J.  Keesb,  M.  D.,  Profeoor 
of  Medical  Jurisprudence  and  Toxicologr  in  the  University  of  Pennsylvania.  In  one 
large  octavo  volume  of  937  pages,  with  70  illustrations.  Cloth,  $5.00 ;  leather,  $6.00;  half 
Ruflsia,  raised  bands,  $6.50. 


The  American  editions  of  this  standard  manual 
have  for  %  loag  time  laid  claim  lo  the  attention  of 
tba  profession  [n  this  country:  and  (he  eighth 
oomes  before  n»  as  embodjrinK  the  laleat  thoughts 
and  emendation?*  of  Dr.  Taylor  upon  the  BUbJeet 
to  which  he  deroted  hl.i  life  with  an  aHntduity  and 
■nocesH  which  made  him  J/ieilt  prineeps  amonc 
EngllHh  writerx  on  medical  JurUpruJence.  Both 
tbe  author  and  the  book  hare  made  a  mark  too 
deep  to  be  alf'eei«d  by  criticism,  whether  It  be 
censure  or  praise.  In  this  case,  howeTer,  we  should 


only  hare  to  seek  for  laudatory  terms. — iliiurieaii 
Journal  of  tite  Medical  Seimctt,  Jan.  1S81. 

This  celebrated  work  has  been  the  standard  aQ. 
thorlty  In  ItM  department  for  thirty-seven  yeart, 
both  In  England  and  America,  in  both  the  profes- 
slonp  which  It  coDcernH,  and  It  is  Improbable  that 
It  will  be  Huperseded  In  many  yeara.  The  work  la 
simply  indispensable  to  erery  physician,  and  nearly 
so  to  erery  lliierally-educatod  lawyer,  and  we 
heartily  commend  the  present  edition  to  both  pn^ 
t^taiona.— Albany  Law  Journal,  March  20, 1B81. 


By  the  Same  Author. 

The  FrlDoiples  and  Practice  of  Medical  Jurisprudence.  Third  edition. 
In  two  hanilsoiiie  octavo  volumes,  containing  1416  pages,  with  ISiJ  illustrations.  Cloth,  $10; 
leather,  $1*2.    Jii*l  ready. 

For  year*  Iir.  Taylor  was  the  highest  authority 
in  England  upon  (he  subject  to  which  he  gaTe 
especial  attention.    His  experience  wax  rant,  hie 

iudgment  eicellt>nt,  and  hia  skill  beyond  cavil.  It 
B  therefore  well  that  tho  work  of  one  who,  as  Dr. 
Stevenson  says,  had  an  "enormous  grasp  of  all 


matters  connected  with  the  subject,"  should  be 
brought  up  to  the  present  day  and  continued  ta 
Its  authoritative  position.  To  accomplish  this  re- 
sult Dr.  StevcuKOn  has  subjected  It  to  moHt  careful 
editing,  bringing  It  well  up  to  the  times.— jinteri- 
con  Journal  o/  Ini  Sladieal  Satntt*,  Jan.  18M. 


By  the  Same  Author. 

Poisons  in  Relation  to  Medical  Jurisprudence  and  Medicine.  Third 
Ameriran,  from  the  third  and  revised  English  edition.  In  one  large  octavo  volume  of  788 
pige».    Cloth,  $5.50 ;  leather,  $6.50. 

PBPPEB,  AUGUSTUS  ~j7,~M~8.7m.  B.,  JB.  R.  C.  &, 

Eiaminrr  in  Fortntie  Medicint  at  tha  Untvertily  of  London. 

Forensic  Medicine.  In  one  pocket-size  12rao.  volume.  Frrparirtg.  See  Stvdcnuf 
Seria  of  Munuala,  page  4. 

LEA,  HBNRT  C,  ~    —  -    ~ 

Superstition  and  Force :  Essays  on  The  "Wager  of  Law.  The  Wager  of 
Battle,  The  Ordeal  and  Torture.  Tiiird  revise<l  and  enlarged  edition.  In  one 
handwime  r<iynl  12mo.  volume  of  '5o2  psges.     Cloth,  $2.50. 

ThiK  valnahte  work  Is  In  reality  a  hislonr  of  clv- 
iliiatlon  as  Inlerpreted  by  the  progress  of  Jiirls  pru- 
dence, .  .  In  "nuperstltlon  and  Force"  we  havea 
Ehllosophic  nurvey  of  the  long  period  Intervening 
rtween  pTlmitlve  barbarity  and  clTlllied  enllght^ 
enment.    There  1h  not  a  chapter  in  the  work  that 


should  nut  be  most  carefully  studied ;  and  however 
well  TiTsed  the  reader  may  be  In  the  eclenc*  of 
Jurisprudence,  he  will  find  much  In  Mr.  Ijaa's  vol- 
ume of  which  he  was  previously  Ijjnorant.  The 
honk  Is  a  valuable  addition  to  the  llMratiire  of  ao- 
cial  Hcience.—  H-'MfiniruIer  Btviop,  Jan.  IB80. 

By  the  Same  Author. 
Studies  in  Church  History.    The  Rise  of  the  Temporal  Power— Ben- 


efit of  Clergy— Excommunication, 
octavo  volume  of  605  pages.    Cloth,  $2.50. 

The  author  Is  pre-emlnentlj  a  Mholar.  He  Cakes 
up  avery  topic  allied  with  tha  leading  theme,  and 
traoea  It  out  to  the  minutest  detail  with  a  wealth 
of  knowledge  and  Impartiality  of  treatment  that 
compel  admiration.  The  amount  of  Information 
oompresiied  Into  (he  book  ts  extraordinary.  In  no 
otbmr  BiBMlo  rolnme  Is  (ha  development  of  the 


New  edition.     In  one  very  handsome  royal 

Jwit  retuly. 

primitive  church  traced  with  an  much  clearness^ 
and  with  so  dellnlle  a  perception  of  complex  or 
conflicting  sources.  The  fifty  pages  on  the  growth 
of  the  papacy,  for  Instance,  are  admirable  lor  con- 
ciseness and   (recdonv  tnw&  \.t«\"'i^'«*-' — ^«»v>fi» 


Allen's  AQKioni;  ,         ,         ,        .         . 

Am^rlu-n  J>-innial  ottbt  MwSlesI  SeleneaB 

AmeHcuii  Ky^Ieiu  ol  LlyiiuMxtluitcy    .  .  • 

Aiui'rlcn.n  Si  Mem  of  f  nicl  leal  M-edlclae  ■ 
All  Anii?rlcn.ri  Hii-uii-m  of  l)i*ul1slry 
•A'^hliut^l'^  SuTyl-rJ"      .  ,  -  .  - 

Aatiw«iiuu  IiL-wttseg  tiTWDm«'B 

Aitnf  IiI'bi  Cliemlriiry 

Ball  on  llic  Rwliim  ojhI  Aqub 

Btrker's  Ohaifirlml  nnJ  (illiilcsl  EHsays, 

BmriLuVs  Prui-ilr*  orMertlploe 

Burni-M'  MiUwiriTy        ,        ,         ,         .         . 
*ELufnc«  nn  IJiM&tea  of  Wom^D 
JBa-i-nim' tiyilt-iii  urOlnlelrlc  UedldiM 
B*ntnilow  bii  lilt"clr!lcllj'        .  .  .  - 

J1i>.><tinnj  mi  Itvuii!   I)liifu.-u«    .... 
B*ll'i-  (,'unii;>iiriitiv('  Pln-fiijI-ugT  Mia  An^tomr  . 
Beiiiini.v- :j'i|i*rwivesiiri;*ry 
Belljuiiy'd  ^^llIp^■^ll  Armtcimy 
Bliin-lfur-l  oik  iiLianlLj-  .  .  .  . 

BliUMil'n  <."1n-ml"lrj       ..... 

£r»a<Itient  on  ibe  l*iilsi!  ,  ,  .  . 

Bri-TWiie  un  Hip  Duhlhaljnuecoiw      .  •  ■ 

•Brnnnp  DH  iLe  Thruat  .  .  .  ■ 

Bnice'n  Miilerla  MedlciiBnil  Tb&npentlca 

SntiiiuTrii  MtAeriM  MmUca  nod  TiieratKiitloa    . 
Brynllt  IIIJ  [tie  BmujC    ..... 
•Bryuiit'.^  Pmi-llfi.- i(fSara*Ty 
♦BuiiiHlEiul  nn  Voriiirenl  D!!i«(is^    . 
*brirn«>1T  ihn  Elip  Krir       ..... 
Buiiiii  <in  tiie  TunKiie    .  ,  .  .  ■ 

C^rEtGnt-eir  c>il  Ui^  Dai'  anil  AbuMi  ot  Aieohai 
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